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PRESIDENT'S    ADDRESS. 

I. — On  Some  Sociological  Aspects  of  Sanitation.      By  James  B. 
Russell,  B.A.,  M.D.,  LL.D.,  President  of  the  Society. 


[Read  before  the  Society,  2nd  November,  1887.] 


It  is  exactly  a  quarter  of  a  century  since  I  received  my  diploma 
as  a  member  of  this  Society,  signed  by  Professor  Henry  D. 
Rogers,  President;  Robert  Hai-t,  Vice-President;  Wm.  Cockey, 
Treasurer  j  and  Alexander  Hastie,  Secretary.  I  had  just  graduated 
in  medicine,  and  joined  at  the  request  of  my  much  respected 
teacher,  Dr.  Bryce,  of  the  High  School.  I  remember  well  with 
what  pride  and  pleasure  I  received  the  parchment,  and  took  my 
seat  in  the  room  on  the  ground  floor  of  Anderson's  University, 
where  the  Society  then  met.  I  now  acknowledge  with  gratitude 
how  much  I  am  indebted  to  the  connection  formed  thus  early  in 
my  career  with  the  intellectual  life  of  this  great  city,  for  the 
extension  of  my  information  beyond  the  restricted  limits  of  my 
profession,  and  for  personal  intimacy  with  many  of  the  men  who 
have  adorned,  and  who  still  adorn,  the  varied  ranks  of  our  citizen- 
ship. But  if  anyone  had  whispered  to  me  on  that  December 
night,  twenty-five  years  ago,  that  I  should  occupy  the  chair  then 
filled  by  my  former  teacher,  the  Professor  of  Natural  History  in 
the  University,  and  have  to  face  the  task  which  is  now  before  me, 
I  should  have  regarded  the  suggestion  as  but  the  kindly  flattery 
with  which  friendship  seeks  to  cheer  the  youth  who  thinks  there 
is  no  room  for  him  in  the  press  of  life.  Even  now  I  feel  that  I  owe 
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my  position  more;Jbo.  your  good-will  than  to  my  merits.  I  am 
deeply  8ensibleir»{  the  high  honour  which  you  have  conferred  uponme. 
I  thank  yoivfegr  it*,  and  I  shall  endeavour,  in  co-operation  with  the 
other  ofi^^petoers,  and  with  your  assistance,  to  maintain  the 
reputatioi^  and  promote  the  general  prosperity  of  the  Society. 

It  is  a^'^ise  usage  of  this  Society  which  gives  the  president-elect 

a.yeaV-in  which  he  may  enjoy  the  honours  of  his  position  without 

•tW'^bour  of  giving  a  set  address.     I  confess,  however,  that  this 

.'//^teful  space  has  been  spent  in  a  bewildered  survey  of  the  task 

• . .  father  than  in  a  deliberate  preparation  for  its  fulfilment.    Amid  the 

various  subjects  which  might  fitly  be  brought  before  this  Society, 

you  will,  I  am  sure,  recogmse  my  prudence  in  seeking  to  discharge 

my  obligation  to  deliver  a  presidential  address  by  discoursing  to 

you  on  "  Some  Sociological  Aspects  of  Sanitation." 

It  has  happened  to  me,  from  time  to  time,  in  the  course  of  my 
life,  to  have  some  learned  friend  shrug  his  shoulders  and  drop  the 
hint  that  my  ofiicial  work,  the  ultimate  object  of  which  is  the 
conservation  of  life,  was  somehow  opposed  to  the  laws  of  the 
universe.  These  criticisms  generally  included  in  their  expression 
the  phrases  "  struggle  for  existence,"  "  natural  selection,"  "  survival 
of  the  fittest."  I  wish  now  to  look  into  this  grave  suggestion. 
The  ultimate  source  of  thess  criticisms  is  Mr.  Herbert  Spencer, 
and  I  take  their  full  exposition  from  his  book,  *^  Social  Statics," 
and  their  more  recent  and  popular  reiteration  in  '*  The  Man  verstis 
the  State." 

First  let  me  acknowledge  that  I  am  heavily  handicapped  in  my 
task  by  the  personal  interest  which  I  have  in  opposing  these 
doctrines — what  Mr.  Spencer  calls  the  "class-bias,"  which  he  defines 
as  "a  reflex  egoism."  *  It  is,  however,  so  far  fortunate  that  I  am 
"in  the  same  condemnation"  as  the  whole  medical  profession, 
who,  we  are  told,  "  moved  as  are  the  projectors  of  a  railway,  who, 
whilst  secretly  hoping  for  salaries,  persuade  themselves  and  others 
that  the  proposed  railway  will  be  beneficial  to  the  public — moved 
as  all  men  are  under  such  circumstances,  by  nine  parts  of  self- 
interest  gilt  over  with  one  part  of  philanthropy —  .  .  .  are 
vigorously  striving  to  erect  a  medical  establishment  akin  to  our 
religious  one."  f  I  pass  by  these  and  other  passages  to  the  like 
effect  with  the  remark  that  they  are  not  fair.  Doctors  live  by  the 
treatment  of  disease,  and  if ,  as  a  body,  they  have  been  the  chief 

♦  *'  The  Study  of  Sociology,"  6th  edition,  p.  242. 
**  Social  SUticB,"  1868,  p.  409. 
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advocates  of  methods  of  prerenting  disease,  which  is  a  historical 
fact,  the  circumstance  that  a  small  percentage  of  the  total  number 
have  thereby  obtained  official  emolument  is  but  a  decimal  to  the 
credit  of  the  whole  professional  income  against  the  vast  sum  which 
has  been  deducted  by  their  aggregate  efforts.  I  trust  the  allegation 
of  ^'class-bias"  will  not  prevent  the  merits  of  my  argument  from 
being  considered. 

Mr.  Spencer  sets  out  from  the  "law  of  right  social  relationships, 
that  every  inan  has  freedom  to  do  aU  that  he  wiUsy  provided  he 
infringes  not  the  equal  freedom  of  any  other  manJ^  *  Again :  ''Here, 
then,  we  reach  the  ultimate  interdict  against  meddling  legislation. 
Reduced  to  its  lowest  terms,  every  proposal  to  interfere  with 
citizens'  activities  further  than  by  enforcing  their  mutual  limita- 
tions, is  a  proposal  to  improve  life  by  breaking  through  the 
fundamental  conditions  to  life."  f  These  principles  are  applied  to 
the  whole  round  of  State  legislation,  as,  for  example,  the  Regula- 
tion of  Commerce,  Religious  Establishments,  Poor  Laws,  Nationa 
Education,  Government  Colonization,  and  Sanitary  Supervision.  I 
have  no  fault  to  find  with  the  principle,  but  I  question  some  of  its 
applications  to  sanitation.  I  agree  heartily  with  much  of  the 
rigid,  uncompromising,  unanswerable  criticism  to  which  the  inter- 
ferences of  the  State  in  these  various  departments  of  legislation 
are  subjected.  Even  sanitary  legislation  furnishes  examples  of 
blundering.  I  agree  that  the  evolution  of  the  individual  is  best 
promoted  by  leaving  him,  as  far  as  consists  with  the  general  well- 
being,  to  his  own  deserts.  Paternal  government  or  grandmotherly 
legislation  produces  a  poor  weakling,  maintained  in  the  battle  of 
life  by  artificial  props  outside  of  him.  The  natural  incentives  of 
rewards  and  determents  of  punishments  are  inoperative;  and 
deterioration,  moral  and  physical,  is  the  aggregate  result.  But 
these  are  unsatisfactory  generalities.  It  is  only  when  we  follow 
Mr.  Spencer  into  the  details  of  his  method,  of  dealing  with  public 
health  that  we  can  discover  whither  he  would  lead  us.  He  main- 
tains that  it  is  not  the  duty  of  the  State  to  protect  the  health  of 
its  subjects.  Sanitary  administration  by  the  State  is  wrong. 
Sanitary  administration  by  municipal  authorities  is  wrong.  All 
taxation  for  sanitary  superintendence,  being  the  abstraction  from 
the  citizen  of  more  property  than  is  needful  for  the  efficient 
defence  of  his  rights,  is  to  be  condemned.      "Be  it  by  general 

♦"  Social  StaticB,"  p.  121. 
t  "  The  Man  versus  The  State,"  p.  105. 
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government  or  bj  local  government,  the  levying  of  compulsory 
rates  for  drainage,  and  for  paving  and  lighting,  is  inadmissible, 
as  indirectly  making  legislative  protection  more  costly  than  neces- 
sary, or,  in  other  words,  turning  it  into  aggression ;  and  if  so,  it 
follows  that  neither  the  past,  present,  nor  proposed  methods  of 
securing  the  health  of  towns  are  equitable."  *  Mr.  Spencer  pro- 
ceeds :  ''This  seems  an  awkward  conclusion;  nevertheless,  as 
deducible  from  our  general  principle,  we  have  no  alternative  but 
to  take  to  it."  Then  he  goes  on  to  sketch  a  method  of  sanitation 
consistent,  as  he  supposes,  with  his  general  principle.  I  give  his 
own  words,  for  although  the  passage  is  long,  the  best  method  of 
criticism  is  to  do  so : — "  How  streets  and  courts  are  rightly  to  be 
kept  in  order  remains  to  be  considered.  Respecting  sewerage 
there  would  be  no  difficulty.  Houses  might  readily  be  drained  on 
the  same  mercantile  principle  that  they  are  now  supplied  with 
water.  It  is  highly  probable  that  in  the  hands  of  a  private  com- 
pany the  resulting  manure  would  not  only  pay  the  cost  of  collec- 
tion, but  would  yield  a  considerable  profit.  But  if  not,  the  return 
on  the  invested  capital  would  be  made  up  by  charges  to  those 
whose  houses  were  drained :  the  alternative  of  having  their  con- 
nections with  the  main  sewer  stopped  being  as  good  a  security  for 
payment  as  the  analogous  ones  possessed  by  water  and  gas  com- 
panies. Paving  and  lighting  would  properly  fall  to  the  manage- 
ment of  house-owners.  Were  there  no  public  provision  for  such 
conveniences,  house-owners  would  quickly  find  it  their  interest  to 
furnish  them.  Some  speculative  building  society  having  set  the 
example  of  improvement  in  this  direction,  competition  would  do  the 
rest.  Dwellings  without  proper  footway  before  them,  and  with 
no  lamps  to  show  the  tenants  to  their  doors,  would  stand  empty, 
when  better  accommodation  was  offered.  And  good  paving  and 
lighting  having  thus  become  essential,  landlords  would  combine 
for  the  more  economical  supply  of  them."  * 

If  you  say  this  is  impracticable,  Mr.  Spencer  replies  that  therein 
lies  the  virtue  of  the  scheme;  for  the  impracticability  arises  from 
the  imperfect  morality  of  mankind,  and  perseverance  in  these 
impracticable  methods  will  elevate  the  general  morality  until  it 
becomes  practicabla  If  you  say,  out  of  the  intermediate  chaos 
will  arise  disease,  which  will  involve  good  and  bad,  moral  and 
immoral,  in  one  common  destruction,  he  welcomes  disease,  especially 
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epidemic  disease,  as  one  of  the  saviours  of  society.  '*  Partly  by 
weeding  out  those  of  lowest  development,  and  partly  by  subjecting 
those  who  remain  to  the  never-ceasing  discipline  of  experience, 
nature  secures  the  growth  of  a  race  who  shall  both  understand 
the  conditions  of  existence,  and  be  able  to  act  up  to  them.^'* 
Again :  "  Mark  how  the  diseased  are  dealt  with.  Consumptive 
patients,  with  lungs  incompetent  to  perform  the  duties  of  lungs, 
people  with  assimilative  organs  that  will  not  take  up  enough 
nutriment,  people  with  defective  heai*ts  that  break  down  under 
excitement  of  the  circulation,  people  with  any  constitutional  flaw 
preventing  the  due  fulfilment  of  the  conditions  of  life,  are  con- 
tinually dying  out,  and  leaving  behind  those  fit  for  the  climate, 
food,  and  habits  to  which  they  are  bom.  Even  the  less  imperfectly 
organised,  who,  under  ordinary  circumstances,  can  manage  to  live 
with  comfort,  are  still  the  first  to  be  carried  off  by  epidemics;  and 
only  such  as  are  robust  enough  to  resist  these — that  is,  only  such 
as  are  tolerably  well  adapted  to  both  the  usual  and  incidental 
necessities  of  existence,  remain.  And  thus  is  the  race  kept  free 
from  vitiation."  t  And  thus  we  are  introduced  to  "  natural 
selection"  and  "the  survival  of  the  fittest."  In  "Social  Statics" 
(p.  353  et  seq,),  we  are  desired  to  note  how  aged  and  infirm 
ruminants  are  killed  and»eaten  by  "their  carnivorous  enemies," 
and  so  the  average  happiness  and  well-being  of  both  are  promoted. 
In  man,  among  other  analogous  processes,  are  specified  "the 
beneficence  which  brings  to  early  graves  the  children  of  diseased 
parents,  and  singles  out  the  low-spirited,  the  intemperate,  and 
the  debilitated  as  the  victims  of  an  epidemic."  In  *<The  Man 
versus  The  State,"  written  thirty-three  years  later,  Mr.  Spencer 
refers  to  Mr.  Darwin's  doctrine  of  "  natural  selection,"  promulgated 
in  the  interval,  as  strengthening  his  position,  and  expresses  surprise 
that,  despite  the  general  acceptance  of  this  doctrine  by  cultivated 
people,  "  now  more  than  ever  before  in  the  history  of  the  world, 
are  they  doing  all  they  can  to  further  survival  of  the  unfittest." 
In  the  first  place,  let  us  consider  what  is  the  comparative  value 
of  disease  as  a  factor  in  natural  selection  in  civilized  man  and 
in  the  lower  animals  ?  We  must  not  think  of  disease,  or  rather 
its  causes,  merely  as  producing  death,  as  we  are  apt  to  do  when 
the  elevation  of  the  race  by  the  extinction  of  the  individual  fills 
up  our  field  of  vision.     Disease  is  not  like  the  deer-stalker's  bullet, 
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when  his  aim  has  been  true,  and  one  falls  whUe  all  the  rest  of 
the  herd  gallop  away  unharmed  It  resembles  the  discharge  of 
"buck-shot "  or  "sparrow  hail,"  which  scatters,  and  for  every  one 
killed  there  are  a  number  maimed.  Granting,  then,  that  the  most 
unfit  dies,  round  every  decectsed  unfit  there  are  a  number  surviving 
more  or  less  unfit,  because  of  the  effects  of  disease.  This  is  the  in- 
variable result  of  the  action  of  disease  or  disease-producing  agencies 
on  life.  But  in  the  lower  animals  the  predatory  instincts  of  one 
order  promote  the  development  of  another  by  killing  and  devouring 
its  weaklings;  and  within  the  order  itself  sexual  selection  tends  to 
isolate  the  individual  fi*om  posterity.  In  civilized  man  the  weak- 
lings survive,  and  sexual  selection  does  not  effectively  prevail. 
Thf  analogy  Is  perfect  between  the  effects,  immediate  and  Lote, 
of  a  cartridge  fired  at  a  large  covey  and  a  volley  on  the  battle- 
field, and  the  comparative  value  of  disease  as  a  factor  in  natural 
selection  in  these  cases.  In  the  former  there  are  the  dead  which 
are  bagged  by  the  sportsman,  and  the  wounded  who  are  eaten 
before  nightfall  by  hawks,  weasels,  cats,  &c, ;  in  the  latter  there 
are  the  dead  who  are  buried,  and  the  wounded  who  are  carried 
away  and  survive  with  various  deformities  and  injuries.  If  you 
want  full  evolutional  value  out  of  disease  in  man,  regarded  merely 
as  an  animal,  you  must  kill  or  seclude  ^from  society ;  but  killing 
is  murder,  and  sexual  selection  can  only  be  promoted  by  the 
difiusion  of  knowledge  and  the  elevation  of  morality  to  such  a 
sublime  pitch  that  the  individual  will  limit  his  happiness,  subdue 
his  desires,  and,  in  shorty  extinguish  himself  for  the  benefit  of 
posterity.  How  far  we  are  from  this  consummation  no  one  has 
had  a  better  opportunity  of  judging  than  Dr.  Maudsley.  Speaking 
of  certain  diseases  having  a  strong  hereditary  tendency,  he  says : — 
"  Those  who,  having  fallen  in  love,  are  aware  of  the  existence  of 
them  in  their  families,  are,  therefore,  not  a  little  troubled  some- 
times with  scruples  of  conscience,  and  anxiously  ask  medical  advice 
whether  they  shall  marry  or  not.  In  the  end  they  commonly 
marry,  whatever  the  advice  given  them,  having  persuaded  them- 
selves that  the  epilepsy  was  not  real  epilepsy,  but  a  form  of  strong 
hysteria;  that  the  lung  mischief  was  not  constitutional  phthisis, 
but  the  accidental  consequence  of  a  neglected  cold;  that  the 
insanity  was  not  the  outcome  of  family  degeneracy,  but  an  in- 
cidental effect  of  a  blow  on  the  head,  which  was  thought  nothing 
of  at  the  time.  Would  the  earth  ever  have  been  peopled  had 
cool  reason  been  potent  enough  to  quench  the  hot  passion  of 
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love?"*  On  the  whole,  then,  from  these  premises  I  conclude  that, 
in  existing  circumstances,  the  most  efficacious  and  direct  method 
of  promoting  the  survival  of  the  fittest  in  civilized  man  is  to  pre 
vent  disease  of  all  kinds  by  the  removal  of  its  cause&  Indeed, 
Mr.  Spencer's  .argument  from  natural  selection  really  strikes,  not 
at  prevention  of  disease,  but  at  all  forms  of  artificial  interference 
with  the  tendencies  of  disease  which  maintain  in  life  sick,  crippled, 
and,  in  general,  physically  or  morally  impaired  and  unsound  in- 
dividuals. 

So  much  for  disease  in  general,  but  different  diseases  present 
different  sociological  aspects.  Some  begin  and  end  in  the  in- 
dividual, and  do  not  descend  vertically  or  spread  laterally  as 
morbid  entities.  Their  value  in  the  process  of  natural  selection 
is  confined  to  the  extinction  or  the  weakening  of  the  staying- 
power  of  the  individu^  They  exercise  no  direct  physical  influence 
on  existing  individuals,  and  on  posterity  only  by  impairing  repro- 
ductive power,  or  diminishing  the  viability  or  the  chances  of 
vigorous  and  healthy  life  in  the  product  of  such  parents.  Simple 
inflanunations,  such  as  pleurisy  and  pneumonia,  are  illustrations 
of  this  class.  Other  diseases  descend,  or  tend  to  descend,  vertically. 
They  are  distinctly  hereditary — as  epilepsy,  insanity,  gout,  con- 
sumption. Others,  again,  are  remarkable  for  lateral  extension,  from 
person  to  person,  from  town  to  town,  from  country  to  country. 
These  do  not  descend  vertically,  and  they  influence  posterity 
only  indirectly  in  the  same  ways  as  the  first  class.  But  they 
stand  out  as  the  most  potent  sociological  duBease-factors  in  virtue 
of  their  power  of  lateral  extension  or  infectivity.  You  have  no 
doubt  remarked  how  frequently  Mr.  Spencer  brings  in  epidemics 
as  his  ministers  in  the  discipline  of  mankind,  and,  though  I  pro- 
pose to  derive  quite  other  lessons  as  to  their  influence,  we  cannot 
over-estimate  their  teleological  importance.  I  cannot  display  this 
feature  of  infectious  disease  in  more  apt  and  impressive  words 
than  those  used  by  Dr.  Farr,  who  says : — "  Diseases  of  this  class 
distinguish  one  country  from  another — one  year  from  another; 
they  have  formed  epochs  in  chronology;  and,  as  Niebuhr  has 
shown,  have  influenced  not  only  the  fate  of  cities,  such  as  Athens 
and  Florence,  but  of  empires;  they  decimate  armies,  disable  fleets ; 
they  take  the  lives  of  criminals  that  Justice  has  not  condemned ; 
they  redouble  the  dangers  of  crowded  hospitals ;  they  infest  the 
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habitations  of  the  poor,  and  strike  the  artisan  in  his  strength  down 
from  comfort  into  helpless  poverty ;  they  carry  away  the  infant 
from  its  mother's  breast,  and  the  old  men  at  the  end  of  life ;  but 
their  direst  eruptions  are  excessively  fatal  to  men  in  the  prime  and 
vigour  of  age."  This  last  statement  is  not  exactly  in  harmony  with 
what  you  have  heard  of  "sweeping  away  by  pestilence  tens  of 
thousands  of  unhealthy  livers,"  or  "  weeding  out  those  of  lowest 
development." 

But  I  must  not  anticipate.  Let  me  endeavour  to  bring  into 
bold  relief  those  characteristics  of  a  few  of  the  chief  communicable 
diseases  which  are  of  the  highest  sociological  importance.  I  shall 
use  the  adjective  "  communicable,"  so  as  to  concentrate  your  atten- 
tion upon  this  characteristic,  and  get  rid  of  the  suggestion  of 
theory  as  to  its  mode  involved  in  the  words  "  infectious "  and 
'' contagious."  Let  us  lirst  take  Smallpox,  This  has  been  well 
described  as  "  a  murderous  disease,  beside  which  the  loss  through 
the  bloodiest  of  wars,  or  through  other  severe  pestilences,  such  as 
plague  and  cholera,  appears  to  be  infinitesimally  small."^  It  is 
cosmopolitan  in  its  distribution.  Wherever  its  virus  reaches  a 
susceptible  population  there  it  becomes  epidemic,  and  it  is  without 
discrimination  in  the  choice  of  its  victims.  All  ranks,  ages,  and 
conditions  of  men  succumb — the  rich,  the  poor ;  the  healthy,  the 
"  unhealthy  livers  " ;  the  clean,  the  dirty ;  the  virtuous,  the  pro- 
fligate ;  the  learned,  the  ignorant.  Smallpox  lends  itself  to  no 
more  refined  social  function  than  the  killing  and  maiming  of 
mankind ;  for  no  disease  inflicts  more  damage  on  survivors.  The 
virus  may  be  carried  great  distances  by  persons  and  by  things.  I 
have  myself  seen  smallpox  imported  into  Glasgow  from  France, 
from  America,  and  even  from  India,  as  well  as  by  rags  brought 
from  no  one  knows  where.  It  acknowledges  no  control  but  that 
of  compulsory  vaccination  and  revaccination,  to  which,  however, 
happily  it  yields  abject  submission. 

"After  smallpox  and  influenza,"  says  Hirsch,  "we  know  no 
acute  infective  disease  which  has,  on  the  whole,  attained  so  wide  a 
diflusion  over  the  globe  as  Cholera,  from  the  tropics  to  extreme 
polar  latitudes ;  and  has  carried  with  it,  amidst  all  the  differences 
of  climate,  soil,  and  social  well-being,  so  complete  a  stamp  of 
uniformity  in  its  fundamental  characters,  in  its  natural  history,  in 
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its  type,  and  in  its  fatality, — and  that,  too,  both  in  epidemics  great 
and  small,  and  in  sporadic  cases.''*  Its  habitat  is  India,  probably 
Lower  Bengal.  That  is  to  say,  cholera  always  prevails  there, 
lives  there,  so  to  speak,  and  thence  makes  periodic  raids  over  the 
world,  sometimes  establisliing  itself  in  outposts  from  which 
secondary  raids  are  made,  but  ultimately  disappearing  everywhere, 
and  retiring  upon  India.  There  are,  nevertheless,  large  tracts  of 
countiy  which  have  never  been  invaded  by  cholera.  Australia  is 
a  conspicuous  example;  but  of  the  majority  of  such  fortunate 
places  their  peculiar  isolation  is  obvious ;  and  many  exceptions  in 
the  earlier  epidemics  have  in  subsequent  ones  lost  their  immunity. 
Still  there  are  cases  of  local  exemption,  which  do  not  seem  to  be 
explicable  by  anything  for  which  the  inhabitants  can  claim  credit, 
but  depend  upon  such  physical  features  as  altitude,  sub-soil,  &c. 
As  to  individual  predisposition,  cholera  is  most  deadly  among  the 
negro  race,  but  "those  groups  or  classes  of  the  population  most 
exposed  to  the  injurious  influences  that  appear  to  be  especially 
adapted  to  weaken  or  destroy  the  power  of  resistance  are  at  the 
same  time  in  greatest  risk  of  the  disease."  This  is  probably  a 
mere  corollary  to  the  proposition  that  ^'cholera  derives  all  its 
epidemic  destructiveness  from  filth,  and  especially  from  excre- 
mental  uncleanness,"  this  being  a  cause  which  saps  the  strength 
from  year  to  year  between  the  epidemic  explosions.  Cholera  has 
been,  and  is,  the  most  cogent  and  successful  apostle  of  sanitation 
this  country  has  ever  seen.  A  public  statue  has  been  frequently 
awarded  for  less  important  services.  Every  sanitary  official  knows 
that  when  the  administrative  machinery  is  running  down,  and 
arrears  of  unremoved  nuisances  accumulate,  nothing  restores  the 
motive  power  so  eflectively  as  the  apparition  of  the  grim  visage 
of  cholera  upon  the  ea.stern  horizon. 

Yellow  Fever  epidemics  are  limited  to  the  shores  of  the  Gulf  of 
Mexico  (including  the  West  Indies),  to  part  of  the  Atlantic  coast 
of  the  United  States,  to  the  Atlantic  and  Pacific  coasts  of  South 
America,  to  the  west  coast  of  Africa,  and  to  parts  of  Spain.  There 
are  three  habitats  or  breeding  places  whence  it  spreads  from  time 
to  time,  namely : — the  West  Indies,  the  Mexican  Gulf  coast,  and 
Sierra  Leone.  "  In  almost  all  the  places  where  yellow  fever  has 
been  prevalent  hitherto — equally  the  indigenous  fever  and  the 
imported — there  are  certain  points  from  which  the  epidemic  has 
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always  started;  and  those  points  are  found  to  be,  in  seaports,  the  im- 
mediate neighbourhood  of  the  harbour  and  the  wharves,  and, 
generally  speaking,  the  fiUhy  quarters  of  the  town^  the  centres  of 
poverty,  misery,  and  vice,  with  their  narrow  and  foul-smelling 
streets,  their  tenements  densely  crowded  from  cellar  to  garret, 
their  taverns,  dancing  saloons,  and  lodging-houses.  It  is  after 
the  epidemic  has  come  to  a  head  in  those  purlieus  that  it  begins 
to  spread,  always  in  the  first  instance  into  the  immediate  neigh- 
bourhood ;  but  not  unfrequently  it  remains  confined  to  them,  and 
the  other  parts  of  the  town,  some  distance  off,  and  better  situated 
hygienically,  may  be  little  troubled  by  the  sickness,  or  not  at  alL''* 
Yellow  fever  travels  from  these  regions  with  ships,  and  seems  not 
only  to  cling  to  persons,  but  to  the  ship  itself,  its  cargo,  and 
luggage.  It  spreads  from  these  ports  with  the  land  traffic  by  the 
same  media,  but  clings  close  to  the  rivers  and  does  not  go  far 
inland.  On  shore  it  forms  foci  in  houses,  and  everyone  who  enters 
those  foci  is  liable  to  attack.  These  being  the  well  ascertained 
though  imperfectly  understood  habits  of  yellow  fever,  it  paralyses 
all  commercial  and  social  intercourse,  and,  in  fact,  brings  ruin  and 
social  dissolution  wherever  it  goes.  There  is  no  interference  with 
personal  liberty  which  local  authorities  in  America  will  not  adopt 
to  keep  it  out,  even  to  what  they  call  with  characteristic  plainness 
"shot-gun  quarantine." 

The  history  of  the  Plague  or  Black  Death  takes  us  into  times 
when  records  are  so  deficient,  and  into  regions  where  exact 
information  is  so  difficult  to  be  had  that  it  is  scarcely  possible  to 
arrive  at  precise  conclusions  as  to  its  primary  habitats.  It  is 
enough  for  our  present  purposes  to  say  that  it  had,  like  the  great 
majority  of  communicable  diseases,  habitats  where  it  flourished, 
and  from  which  it  made  periodical  raids  upon  surrounding 
countries,  spreading  with  goods  and  passengers.  These  were  in 
the  East,  and  the  conditions  to  which  it  was  native  are  those 
with  which  we  are  so  familiar — filth,  overcrowding,  and  general 
wretchedness  and  misery  in  the  domestic  condition  of  the  people. 

We  shall  now  turn  to  communicable  diseases  which  are  well 
known  in  our  own  country.  Measles  is  distributed  over  almost 
the  whole  habitable  globe.  As  in  the  case  of  smallpox,  the 
occurrence  of  an  epidemic  depends  solely  upon  the  conjunction 
of  a  susceptible  population,  and  the  introduction  of  the  specific 
poison.     It  affi}cts  children  chiefly,  but  in  islands  and  isolated 
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regions,  where  persons  have  grown  up  without  being  exposed  to 
the  disease,  measles  attacks  the  whole  population,  and  may  prove 
very  fatal  even  to  adults.  Where  domestic  comforts  are  few,  and 
the  hygienic  surroundings  bad,  it  is  very  destructive  of  child-life, 
and  the  survivors  are  often  seriously  injured.  The  mean  age  of 
persons  dying  of  measles  in  this  country  is  only  2*7  years. 

Scarlet  Fever  is  chiefly  a  European  disease.  It  is  but  scantily 
diffused  in  Asia  and  Africa.  In  North  and  South  America,  and 
in  Australia  and  Polynesia,  it  is  more  or  less  prevalent.  This 
disease  presents  many  puzzling  irregularities,  both  of  incidence 
and  fatality.  It  never  wholly  disappears  from  our  large  towns, 
where  it  spurts  out  into  epidemics  at  uncertain  intervals.  Bad 
sanitary  conditions  no  doubt  aggravate  the  risks  of  this,  as  of 
every  disease,  but  scarlet  fever  proves  fatal  where  no  such  defects 
exist;  and  in  many  epidemics  the  poorest  districts  escape,  or  the 
respectable  poor  and  the  better  classes  suffer  most  severely. 
Hirsch  sums  up  the  results  of  his  study  of  the  literature  of  the 
subject  thus : — "  Scarlet  fever  shows  itself  to  be  independent  of 
climate,  season,  weather,  and  influences  of  locality,  not  only  as 
regards  its  distribution  area,  but  also  as  regards  its  intensity,  or 
the  mild  or  malignant  type  of  the  epidemic.  Just  as  little, 
speaking  generally,  do  hygienic  defects  arising  from  social  condi- 
tions appear  to  exert  any  definite  influence  on  the  character  of  the 
sickness."*  Recent  observations  tending  to  prove  that  scarlet 
fever  may  originate  in  the  use  of  milk  derived  from  cows  suffering 
from  a  slight  febrile  affection,  which  produces  little  obvious  effect 
on  the  condition  of  the  cow,  may  explain  these  anomalies.  Such 
a  discovery  would  account  for  the  heavier  incidence  of  some  epi- 
demics upon  those  who  can  afford  to  be  consumers  of  milk,  and 
give  a  new  teleological  aspect  to  scarlet  fever.  Wherever  the 
primary  habitat  of  this  disease  may  be,  and  however  it  is  esta- 
blished, the  subsequent  diffusion  of  the  poison  is  far-reaching  and 
subtle,  especially  in  populous  places ;  and  the  safety  of  all  classes 
is  jeopardized  by  individual  ignorance  and  carelessness.  The 
mean  age  of  persons  who  die  of  scarlet  fever  in  this  country  is 
5 '8  years. 

Whooping-cough  is  found  all  over  the  globe,  except  in  a  few 
isolated  places,  such  as  Iceland,  where  only  a  rare  imported  case 
has  been  observed.  Being  a  disease  whose  severity  depends  upon 
complications  arising  from  inflammatory  affections  of  the  respiratory 

•  Hirsch,  Op,  cit.j  Vol.  I.,  p.  187. 
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organs,  its  £atality,  if  not  its  prevalence,  depends  upon  local 
climate — especially  upon  such  befouled  conditions  of  the  general 
atmosphere  as  are  found  in  large  coal-burning  cities,  and  of  the 
domestic  atmosphere  as  arise  from  overcrowding.  Hence,  although 
whooping-cough  attacks  all  persons  unprotected  by  previous 
seizure,  without  modification  by  physical,  social,  or  racial  circum- 
stances, it  is  most  fatal  to  the  poor,  and  the  survivors  are  often 
seriously  and  permanently  impaired  in  health.  The  specific 
poison  is  one  of  the  most  communicable  of  all  such  poisons,  and 
the  sufferers  not  being  so  seriously  ill  as  to  prevent  them  from 
moving  or  being  carried  about  in  society,  it  seems  to  be  impossible 
by  any  tolerable  or  even  practicable  amount  of  interference  with 
personal  liberty  to  control  its  dissemination.  The  mean  age  of 
fatal  cases  of  whooping-cough  is  only  1*8  years  in  this  country. 
Of  all  the  communicable  diseases  it  is  the  most  destructive  of 
infant  life,  especially  in  cities. 

DipJUheria  is  a  disease  which  has  a  curious  history.  It  can  be 
identified  and  traced  under  various  names  back  to  remote  antiquity, 
but  it  seems  to  disappear  from  the  records  of  disease  at  the  end  of 
the  18th  century.  It  probably  never  wholly  left  France.  It 
certainly  reappears  early  in  this  century,  first  in  the  writings  of 
French  physicians ;  and  from  time  to  time  isolated  outbreaks  are 
noted  in  different  parts  of  Europe  and  America,  But  between 
1857  and  1858  diphtheria  assumed  the  epidemic  form  almost 
simultaneously,  not  only  in  Europe  and  North  America,  but  in 
such  widely  separated  regions  as  India,  China,  Australia,  Poly- 
nesia, and  North  Africa.  This  sudden  appearance  en  masse  of  a 
disease  which  had  disappeared,  or  ceased  to  be  known  excepting 
in  rare  isolated  cases,  produced  the  prevalent  impression  that 
diphtheria  was  a  new  disease.  It  certainly  was  so  to  the  majority 
of  the  physicians  who  were  now  called  upon  to  treat  it.  Notwith- 
standing its  unusual  prevalence — perhaps  it  ought  to  be  said  be- 
cause of  its  unusual  prevalence — among  all  races,  and  among  all 
classes  of  society  in  every  race,  living  under  every  variety  of 
domestic  conditions,  the  relation  of  diphtheria  to  the  ruder  forms 
of  insanitary  circumstance  is  still  the  subject  of  debate  among 
etiologists.  Speaking  of  this  country,  it  does  not  specially  follow 
aggregation,  or  haunt  that  core  of  misery  which  always  exists  in 
the  midst  of  cities.  Ten  years  ago  I  read  a  paper  to  this  Society 
*•  On  the  Comparative  Prevalence  of  Filth  Diseases  in  Town  and 
Country,"  in   which  I  proved  tliat  in  Scotland  diphtheria  first 
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appeared  in  countiy  districts^  and  that  there  it  still  maintained  its 
habitat.  It  is  so  in  England  also.  We  may  conceive,  then,  as 
regards  our  cities,  of  three  zones  of  incidence  of  diphtheria — an 
outer  wide  encircling  zone  of  rural  districts,  most  affected ;  a  middle 
zone,  the  suburbs  and  better  residential  parts  of  the  city,  less 
affected ;  and  an  inner  zone,  the  centre  of  the  city,  where  the  poor 
and  squalid  reside,  which  is  least  of  all  affected.  The  same  is  true 
of  enteric  fever.  The  only  epidemics  ever  seen  in  cities  having  a 
good  water-supply  originate  in  the  country,  and  are  regulated  in 
the  town  by  the  freedom  with  which  the  population  can  afford  to 
use  country  produce.  This  may  be  an  element  in  the  distribution 
of  diphtheria  also,  but  I  apprehend  that  defects  in  those  com- 
munications between  the  ijUerior  of  the  larger  houses  and  the 
general  sewers,  which  do  not  exist  in  small  houses,  have  a  share 
in  it  It  is  worthy  of  note  that  an  analogous  disease  is  seen  in 
fowls,  and  that  on  the  Continent  epidemics  have  frequently  been 
found  to  co-exist  among  human  beings  and  fowls  in  the  country 
districts  where  the  peasantry  keep  fowls  in  their  houses.  The 
average  age  of  fatal  cases  of  diphtheria  in  this  country  is  5-8 
years.  The  survivors  often  suffer  from  serious  lesions  of  the 
nervous  system,  shown  by  various  forms  of  local  paralysis. 

Relapsing  Fever  is  essentially  a  disease  of  the  poor — of  those  who 
are  either  paupers  or  on  the  verge  of  pauperism.  In  epidemics  its 
victims  are  recognizable,  even  to  hospital  attendants,  as  belonging 
to  the  flotsam  and  jetsam  of  the  great  ocean  of  urban  humanity, 
with  a  uniformity  which  is  not  observed  in  patients  admitted 
with  any  other  disease.  This  fever  was  most  frequently  seen  in  the 
end  of  last  century  and  first  half  of  this  century  in  Great  Britain, 
apparently  originating  in  and  spreading  from  Ireland.  It  went 
with  the  Irish  to  America.  In  more  recent  years  it  has  disappeared 
from  Great  Britain,  but  has  prevailed  in  various  parts  of  Europe,  also 
in  North  Africa,  in  India,  and  China.  After  a  clear  interval  of 
twenty  years,  relapsing  fever  was  introduced  into  London  in 
1868  by  Jewish  emigrants  from  Poland,  and  from  thence  it 
extended  to  several  of  our  larger  cities,  reaching  Glasgow  in  1870. 
Privation,  conjoined  with  personal  uncleanliness  and  overcrowding, 
is  the  predisposing  cause,  and  in  urban  districts  where  these 
characteristics  exist,  this  disease  spreads  like  wild-fire,  so  that  if 
an  epidemic  gets  headway,  it  is  overwhelming  in  its  proportions. 
The  mortality  is  not  great,  but  there  is  no  disease  which  plunges 
the  poor  into  deeper  depths  of  helpless  misery,  from  which  they 
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but  slowly  emerge.  It  thns  does  not  mend  but  aggravates  the 
conditions  which  produce  it.  It  leaves  its  victims  with  life,  but 
nothing  more — life  so  enfeebled  that  it  can  be  sustained  and 
nurtured  into  physical  energy  sufficient  for  self-support,  only  at 
the  cost  of  the  public. 

Typhus  is  own  brother  to  relapsing  fever.  As  far  into  the 
past  as  authentic  history  permits  us  to  penetrate,  we  find  that  it 
follows  popular  misfortune  like  a  dark  shadow.  It  dogs  the 
footsteps  of  war,  aggravates  the  miseries  of  &mine,  and  haunts 
prisons  and  workhouses  whenever  authority  forgets  that  criminals 
and  paupers  do  not  cease  to  be  human  beings.  Typhus  has, 
during  this  century,  devastated  all  parts  of  Europe,  and  been 
active,  though  much  more  rarely,  in  Asia,  in  Africa,  and  South 
America;  but  I  shall  confine  myself  to  its  history  in  this  country 
and  North  America.  The  habitat  of  typhus  for  English-speaking 
people  is  Ireland.  It  never  dies  out  in  Ireland.  Thence  it 
established  itself  in  England  and  Scotland,  beginning  always  in 
the  western  seaports,  where  intercourse  with  Ireland  is  most  direct. 
It  followed  the  stream  of  Irish  emigration  to  North  America  and 
Canada.  The  course  of  the  vessels  in  the  earlier  days  of  the  exodus, 
before  Government  regulated  the  traffic  by  inspection  of  pasBsengers 
and  enforcement  of  marine  sanitation,  was  marked  by  the  corpses 
of  those  who  died  of  this  disease  on  the  voyage.  Every  epidemic 
explosion  in  Ireland  has  been  immediately  followed  by  its  echo 
along  our  shores  and  on  the  American  continent.  The  great 
German  epidemiologist  Hirsch,  to  whose  laborious,  talented,  and 
most  interesting  work  I  have  been  so  much  indebted,  thus  sums 
up  the  results  of  his  investigations  : — <'  It  is  always  and  everywhere 
the  wretched  conditions  of  living,  which  spring  from  poverty  and 
are  fostered  by  ignorance,  laziness,  and  helplessness,  in  which 
typhus  takes  root  and  finds  nourishment ;  and  it  is,  above  all,  in 
t/is  want  of  cleanUnesSy  and  in  the  overcrowding  of  dwellings  that 
are  ventilated  badly,  or  not  at  all,  and  are  tainted  with  corrupt 
effluvia  of  every  kind.  The  prototype  of  these  conditions  is  found 
in  Ireland,  which  is  the  greatest  sufi'erer  from  the  disease;  all 
observers  agree  that  in  them  lies  the  true  cause  of  typhus, 
unconquerable  in,  and  inseparable  from,  the  Irish  proletariat,  faith- 
fully following  the  Irishman  wherever  he  transplants  himself  and 
his  misery."* 

•  Hirsch,  Op,  eit.,  VoL  I.,  p.  681. 
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I  need  not  tell  a  Glasgow  audience  how  entirely  our  experience 
down  to  the  present  day  confirms  this  verdict  Epidemics  of 
typhus  are  now  unknown,  but  typhus  never  disappears  from 
amongst  us.  The  houses  of  the  Irish  and  Scoto-Irish  and  of  those 
who  have  learned  their  habits,  keep  up  the  pedigree  of  typhus 
without  interruption  even  for  a  single  month.  It  is  only  at  the 
cost  of  the  maintenance  of  daily  supervision  and  the  enforcement 
of  hospital  isolation  that  we  prevent  epidemics.  Every  dirty  over- 
crowded house  is  a  potential  epidemic  centre.  In  spite  of  every 
precaution,  families  of  cleanly  citizens  eveiy  now  and  then  fall 
innocent  victims  to  the  license  of  their  uncleanly  neighbours. 
Only  let  the  restrictive  measures  be  siispended,  and  this  disease, 
which  is  maintained  in  domestic  filth  and  overcrowding,  would 
involve  the  whole  community  without  discrimination.  The  points 
of  contact  between  man  and  man  in  the  necessary  intercourse  of 
life  in  a  crowded  city  are  so  numerous,  and  the  poison  of  typhus 
is  so  adhesive  to  the  persons  and  clothing  of  all  who  inhabit 
infected  houses,  that  this  would  be  the  inevitable  result.  The 
mean  age  of  persons  attacked  by  typhus  is  about  30  years,  while 
the  mean  age  of  those  who  die  is  42 — figures  which  enable  us  to 
estimate  the  serious  social  burdens  created  by  epidemics,  through 
time  and  life  lost  by  wage-earners,  with  the  consequent  heritage 
of  widowhood,  orphanage,  and  pauperism. 

The  history  of  Enteric  Fever  cannot  be  unravelled  further  back 
than  some  thirty  to  forty  years,  when  it  began  to  be  discriminated 
from  other  fevers.  Indeed,  it  is  only  within  the  last  few  years  that 
it  has  been  distinguished  in  tropical  countries  from  the  heterogeneous 
mass  of  malarial  and  other  febrile  affections  which  there  abound. 
Now,  however,  it  is  fully  recognised  as  a  cosmopolitan  disease,  not 
in  the  sense  that  it  sweeps  round  the  globe  in  waves,  as  smallpox 
used  to  do,  but  that  it  is  smouldering  everywhere  at  the  same 
time,  spurting  out  into  irregular  epidemic  outbreaks,  which  are 
purely  local,  and  present  no  trace  of  any  consentaneously-acting 
pandemic  or  wide-spread  influence.  Everywhere  it  originates  in 
foecal  pollution,  epidemic  expansions  arising  when  the  pollution 
involves  the  water-supply  or  food,  especially  milk.  Minor  exten- 
sions and  isolated  cases,  or  clusters  of  cases,  depend  upon  local 
defects  in  drainage  and  the  sanitary  apparatus  of  dwelling-houses, 
or  arise  from  the  home-treatment  of  cases  where  space  is  inadequate 
and  the  householders  untidy  or  igtiorant  of  the  special  proclivities 
of  the  disease.      The  mean  age  of  persons  attacked  by  enteric 
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^ver  la  becveea  21  and  2:^  years^  while  xh»  mean  age  of  those  who 
•lie  is  aboac  :f4.  These  figures  are  Incised  on  hospital  experience, 
uui  I  haTe  no  doubt>  from  the  fact  th;«t  euteric  ferer  seizes  children 
'if  die  cenderest  years  Mrho  are  not  sent  to  hospital,  that  they  are 
SCO  high.  It  b  the  special  scour^^  of  childhood  and  adolescence. 
I^  p^y^  no  respect  to  rank  or  sv.viul  ivuaiiion.  Indeed,  from 
tae  ^ibct  that  long  exposuiv  to  vitiattvl  local  conditions  acclimatizes 
without  previous  sei^uns  ^^  th^t  sti^an^ns;  suid  those  who  live 
tisually  in  gooil  hygienic  circum>tanc\\s  ^^^  attacked  when  they 
come  within  the  sjihere  of  this  novel  induence,  I  should  say 
enteric  fever  is  most  dangerous  to  prime  lives^  Muichison  says, 
and  my  exj^*rience  confirms  his  ot«er^"atiou»  '*lt  is  doubtful  if 
previous  illness  increases  the  liability  to  enteric  fever.  Most 
patients  am  in  yooU  hMlth  lU  ^'W  tiuw  i/*^i*;'«/y."*  On  the  other 
hand  it  cannot  be  saivl  that  the  survivors  an."  improved  in  health. 
There  is  no  disciisse  which  stiuius  axui  stivtsses  the  constitution  like 
enteric  fever.  It  always  Knayc*  prokuiijevl  debility  and  tends  to 
develope  tuWrcle,  besides  leaaiug  to  m^uxy  grave  local  lesions. 

I  have  thus  rapidly  causeil  to  |>ass  in  review  before  you  the  most 
important  communicable  disea^^s  wliich  ivaV»st  mankind.  They 
present  interesting  dirtcrences>  but>  si><»aki«g  of  them  generally,  I 
ask  your  attention  to  the  following  jviuts; — 

1.  Tfie  provcrttj  of  aiit'nil  extf^fisio/^-  -U  iveu  one  person  in  a  com- 
monicT  attacked  bv  commuuicable  discvi^e^  and  the  one  tends  to 
become  two*  the  two  to  become  four;  or»  it  mav  W*  the  one  tends  to 
become  three,  the  thrtv  to  Kwuio  uiiu\  iiiul  si.»  oiu  In  all  cases  you 
have  a  tendency  to  geomeu'ioal  pivgiv«^iou,  but  the  ratio  will  vary 
;iccordin:i:  to  the  iuteu?iitv  of  luo  teuvleuov  iu  the  siKvial  disease. 
This  tendency  carries  tlic  dist^i^e  livm  its  ceutiv  of  origin,  as  the 
prairie  dre  licks  up  bhiae  alter  blade  of  giuss  aiul  leaps  from  tree 
to  tree  with  an  ever-wideuiug  fivut.  Kvery  sick  person  is  a 
menace  to  those  who  are  well.  The  settler  d^^vs  not  awake  to  his 
dantrer  when  the  caivlea^  match  ij^  ihivN>u  uown  aiiioui;  the  drv 
srass  miles  awav,  but  it  bej;au  theiu  not  when  the  lurid  i-edection 
of  the  izritheriii:;  tire  Ii:.:ii;s  up  the  hori/.oiu 

2,  TJi^  kif'it  or  ^nd"iuiriiii  or  of  lurkiu;r  viurinir  the  intervals 
between  epidemics  iu  phuvs  >\  here  the  i.viivliuons  are  peculiarly 
fa^ourahie  to  tht*  maiuteuaiuv  ot  the  vuseti>e»  It  mav  In?  a  house 
in  a  strr^t,  or  a  street  iu  a  diNtriet*  or  a  ui>trict  iu  a  citv,  or  some 


*   'Treatise  ou  Coui.iuu\,s.l  Kcvvi^,  '  :^d  Kihtiv^u,  p.  4H>. 
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special  area  in  a  country,  or  some  country  in  a  continent.  It  may 
even  be  one  special  corner  in  the  world ;  but  in  all  cases  it  is  the 
permanence  and  intensity  in  the  lurking  place  of  the  conditions 
which  sustain  the  disease  in  life,  which  lead  to  the  settling  down 
of  the  disease  in  this  particular  place.  The  interest  of  the  houses, 
streets,  districts,  and  countries  which  have  never  been  visited  by 
an  epidemic,  or  have  successfully  expelled  it,  in  these  endemic 
centres  is  this — ^that  A  perpetual  menace  of  re-invasion  is  thus 
kept  up.  It  is  the  same  interest  which  the  lair  of  the  tiger  has 
for  the  inhabitants  of  the  neighbouring  villages;  or  which  the 
Scandinavian  fiords,  whence  the  Norsemen  put  out,  had  to  the 
east  coast  of  Scotland  and  England ;  or  the  seaports  of  North 
Africa,  where  lurked  the  Barbary  pirates,  to  the  seafarers  of  the 
Mediterranean  and  the  English  Channel. 

3.  The  artificial  and  there/ore  remediahle  nature  of  the  local 
conditions  which  foster  endemicity, — Climate,  soil,  and  other 
physical  features  may  give  those  conditions  greater  efficiency 
and  energy,  but  the  conditions  themselves  are  all  essentially  of 
the  nature  of  uncleanliness,  and  at  most  the  physical  peculiarities 
only  emphasise  the  necessity  of  cleanliness.  Cholera,  Yellow 
Fever,  Enteric  Fever,  and  Typhus  all  positively  live  upon  gross 
and  palpable  dirt,  and  wherever  they  sustain  themselves  in  the 
endemic  condition  there  will  that  dirt  be  found  most  gross  and 
most  palpable,  and  from  thence  may  they  be  exterminated  by 
the  removal  of  that  dirt. 

4.  Even  those  commurdcable  diseases^  such  as  Smallpox,  Measles, 
Scarletfever,  and  Whooping -cou^h,  which  can  scarcely  be  said  to 
live  upon  uncleardiness,  hut  attack  m>an  as  man,  are  all  aggra- 
vated tlicreby.  Their  epidemic  tendency  is  increased,  their  fatality 
heightened,  their  capacity  for  indiscriminate  extension  intensified. 

5.  The  soil  which  sustains  the  communicable  disease  in  the 
endemic  condition,  and  promotes  the  epidemic  expansion,  is  the 
gams  which  produces  general  unwiiolesomeness.  A  city  or  a 
country  which  is  noted  for  epidemics,  and  which  harbours  com- 
municable diseases  as  endemics,  is  always  unhealthy.  The  measures 
which  will  exterminate  the  communicable  diseases  will  promote 
general  health  by  lessening  the  prevalence  of  non-communicable 
diseases.  In  short,  the  adoption  of  radical  measures  for  preventing 
epidemics  covera  the  whole  field  of  sanitation.  The  wider  result 
follows  with  certainty  the  enterprise  undertaken  with  the  narrower 
aim,  and  cannot  otherwise  be  attained. 
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6.   Whoever  pereiste  in  a  manner  of  life  ealeulaUd  to  produce  or 
promote  communicable  diseaee  injures  himself  frst^hut  next,  and 
ufith  certainty^   his  neighbour.      The   lawyer  8  question — ''And 
who  is  mj  neighbour)^' — here  rises  involuntarily  to  our  lips, 
and   I   know  of  no  path  which  leads  us  to  a  wider  answer 
to  this  old  question  than  that  which  we  have  been  following 
to-night.     Who  is  the  neighbour  of  the  man  living  under  the 
conditions  of   civilized   life?      Mr.  Darwin  by  the  same  route 
reached  this  conclusion : — *'  Man  is  liable  to  receive  from  the  lower 
animals,  and  to  communicate  to  them,  certain  diseases,  as  hydro- 
phobia, variola,  the  glanders,  syphilis,  cholera^  herpes,  &c. ;   and 
this  fact  proves  the  close  similarity  of  their  tissues  and  blood,  both 
in  minute  structure  and  composition,  far  more  plainly  than  does 
their  comparison  under  the  best  microscope,  or  by  the  aid  of  the 
best  chemical  analysis."*    Carlyle  got  a  step  higher  through  Dr. 
Alison's  story  of  the  "  poor  Irish  widow,"  whose  husband  had  died 
of  typhus  ''  in  one  of  the  lanes  of  Edinburgh,"  and  who  wandered 
about  the  town  with  her  three  children,  seeking  help,  and,  finding 
none,  returned  to  her  lane  and  died  there,  and  set  a-going  a  local 
epidemic  which  ended  in  the  death  of  "  seventeen  other  persons." 
He  says : — "  Very  curious.      The  forlorn  Irish  widow  applies  to 
her  fellow-creatures,  as  if  saying,  '  Behold,  I  am  sinking,  bare  of 
help ;  ye  must  help  me !     I  am  your  sister,  bone  of  your  bone,  one 
Grod  made  us ;  ye  must  help  me.'     They  answer,  '  No,  impossible ; 
thou  art  no  sister  of  ours.*     But  she  proves  her  sisterhood  ;  her 
typhus  fever  kills  them  :  they  actuaUy  were  her  brothers,  though 
denying  it !     Had  human  creature  ever  to  go  lower  for  a  proof  1  "t 
It  certainly  was  low  enough,  but  human  nature  requires  such 
arguments,   and  the   ultimate  cause  of   the   existence  of  com- 
municability  in  disease  is,  I  believe,  to  enforce  the  golden  rule 
upon  us  in  reference  to  the  physical  well-being  of  mankind     For 
**  who  is  my  neighbour"  in  this  aspect?     Not  only  is  the  Irish- 
man in  his  miserable  hut  neighbour  to  Dives  in  Belgravia,  but  to 
the  Polish  Jew  in  his  filthy  "  quarter ; "  not  only  the  unvaccinated 
child  of  Leicester,  but  the  unvaccinated  French  Canadian;  not 
only  the  poor  man  in  the  slums,  but  the  Indian  ryot,  who  washes 
in  the  village  tank  and  casts  his  dead  into  the  sacred  stream ;  the 
Mahommedan  pilgrim,  who  drinks  at  Mecca  the  waters  of  the 


.     •  "  Descent  of  Man,"  2nd  edition,  p.  7. 
t  ••  Past  and  Present,"  Book  III.,  chapter  2. 
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sacred  well  of  Zem-Zem,  which  the  profane  chemist  tells  us  is 
polluted  with  sewage  and  a  main  factor  in  the  dissemination  of 
the  cholera  which  he  carries  a  Ibng  stage  on  its  journey  to  Europe ; 
and  the  fellah  of  Egjrpt,  and  every  inhabitant  of  every  unsavoury 
town  and  village  in  Europe  where  the  cholera  encamps  on  its 
progress  to  Great  Britain.  Indeed,  in  these  days  rapid  transport 
has  so  shrivelled  up  space,  and  commerce  so  intermingles  and  dis- 
tributes articles  of  trade  which  may  carry  disease,  that  it  is  hard 
to  say  who  in  the  wide  world  may  not  prove  their  affinity  to  me 
as  forcibly  as  my  next-door  neighbour. 

The  practical  question  is — "  What  am  I  to  do  with  my  dirty 
neighbour ) " — and  we  must  bring  to  the  solution  of  it  a  little  com- 
mon sense  and  ordinary  business  principles  as  well  as  philosophy. 
The  first  thing  to  be  done  is  to  make  him  a  voting  unit  in  some  con- 
venient area  of  local  government.  Let  the  boundary  be  fixed,  in 
populous  places,  so  that  the  whole  continuous  or  contiguous  in- 
habited area  shall  be  one;  in  rural  districts,  so  that  sufficient 
mental  area  shall  be  secured  to  swamp  local  indifference  and  sus- 
tain  an  adequate  executive  machinery.  Let  the  rates  for  all  local 
purposes  be  raised  from  the  same  area,  or  somehow  make  it 
possible  for  any  intelligent  ratepayer  to  balance  his  liabilities 
for  poor  rates,  police  rates,  water  rates,  public  health  rates,  and 
so  on,  from  time  to  time,  and  so  satisfy  himself  that  it  pays 
to  be  cleanly  and  healthy.  Impose  upon  these  local  administra- 
tive bodies  the  duty  of  providing  the  physical  conditions  and 
appliances  of  health,  such  as  water-supply,  sewerage,  drainage, 
epidemic  hospitals,  disinfecting  apparatus,  &c.,  and  of  carrying  out 
the  daily  operations,  such  as  scavenging  and  kanitary  supervision, 
necessary  to  keep  the  district  clean  outside  and  inside  the  houses 
of  the  inhabitants.  To  provide  against  the  contingency  of  my 
dirty  neighbours  having  a  local  majority,  as  well  as  to  maintain  a 
staff  of  higher  capacity  to  advise  in  special  emergencies  and  hold 
local  inquiries,  let  there  be  at  the  head  of  the  sanitary  administra- 
tion of  the  country  a  local  government  board  armed  with  power 
to  enforce  the  performance  of  such  duties  as,  being  neglected,  first 
injure  the  locality,  but  next  involve  a  risk  to  the  general  well-being 
of  the  country.  The  local  administrative  must,  of  course,  have 
parallel  power  of  prosecuting  and  punishing  the  dirty  neighbour 
for  overcrowding  and  other  nuisances  which  affect  the  well-being 
of  the  neighbourhood.  The  principle  to  be  strictly  followed  both 
in  the  case  of  the  personal  and  the  local  administrative  unit  must 
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,^  .>/>#  -A.  '^^ir^A^thiDg  for  them,  but  make  them  do  it  for  themselves, 
f t./(  >/*A«*  *.A^  ^rxj^^mfle,  aa  they  will  reap  the  benefits.  In  this  way 
f  t/vtuf  H«'*f,  pT/^eew  of  education  would  be  carried  on,  and  a  sense  of 
^«<«/vn4»4  $^f,*l  local  responsibility  be  maintained.  Besides,  eveiy 
««4*/»w  ^4  'hfi^Xy  educating  the  dirty  neighbour  should  be  adopted. 
^A^  A't  'J^^kiren  be  taught  in  wholesome  schools,  where  personal 
•M  %'.  '>-»«  and  decency  should  be  enforced  during  school  hours ; 
„i/,  .^i,  Ukitta  have  lessons  in  the  rudimentary  facts  of  hygiene,  and 
H*4  #i>M.tiOii  of  disease  to  pauperism,  crime,  and  taxation. 

A<&  a  liiere  matter  of  business  all  this  requires  official  adminis- 
M.i.MV4;  luvchinery.  Every  business  man  knows  that  if  you  really 
i»i/.lj  nijy  function  implying  co-operation  to  be  properly  performed, 
t>i»w«  uiust  be  executive  machinery,  departmental  sub-division, 
(vitd  gi'ii/emi  supreme  supervision  and  coordination.  Nothing  is 
iuvi'4(  cc;aspicuous  than  the  helplessness  of  the  individual  under  the 
4x>iiUit.i4>ii«  of  civilised  life  to  secure  the  physical  basis  of  health. 
V\  /.ut  <m(i  one  man  wedged  up  in  a  crowd  do  to  get  fresh  air,  pure 
v»  uu  1 1  iiiore  standing  room,  or  to  avoid  his  neighbours'  disease  1 
ii  it  %  f|u<*jition  of  personal  physics,  not  of  personal  morality. 
'i  ii<  v*i  iiiunt  be  cooperation,  with  the  unavoidable  concomitant  of 
hii^n^cM  of  some  individual  liberty.  To  trust  to  voluntary 
u.s;»«^  iMtion,  without  legal  sanction  which  shall  coerce  the  un- 
^Jiinij<  minority,  who  have  the  power  to  undo  all  that  the 
lUAyniiy  are  doing,  soon  works  its  own  cure  by  a  reduetio  ad 
uh»urdum.  There  will  always  be  stupid  or  wicked  people,  who 
iiiuvt  be  ooei-ced,  not  for  their  own  sake,  but  to  save  the  wise. 
Jn  A  inorioa,  although  the  locust  plague  was  estimated  to  entail 
tt  I'^MN  of  200  millions  of  dollars  per  annum  on  the  Union,  no 
MJjjghi  funnor  or  even  State  could  effectively  combat  the  winged 
i'Mituy.  (^mgross  appointed  an  Entomological  Commission,  who 
Ai't'w  up  a  M'hcmo  of  national  co-operation  against  the  national 
|»l.«y»i4i,  but  thoy  had  also  to  take  account  of  the  dirty  neighbour, 
"Mil  .ttil  \\)Y  "HtAte  legislation  to  compel  the  indifferent  and 
('I'/vMily  irimnUm  of  each  community  to  co-operate  with  their 
iM^/ii'  «'«ri*ful  nc^ighlwurs  in  carrying  out  precautionary  measures 
!'/»  i  Uu  iliiM  motion  of  locust  eg^  or  newly  hatched  insects."  ♦  The 
i'^^'Mo  Uhu  hnon  our  experience  in  Cyprus  in  oomfaadng  the 
.'♦M,!*  h^niiH.     Puroly  x-ohmtary  cooperation  fiiled     The  apauhetic 
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peasants  sometimes  would  not  protect  their  own  crops,  to 
which  no  one  would  have  objected  if  they  could  have  starved 
alone. 

The  solidarity  of  human  interest  in  the  face  of  communicable 
disease  has  in  recent  times  asserted  itself  far  beyond  the  sub- 
merging of  the    individual.      Nations  are  now    learning    that 
organisation,  to  be  equal  to  the  task  of  successfully  resisting 
the  inroads  of  such  diseases  as  cholera,  yellow  fever,  and  small- 
pox, must  embrace  not  only  local  authorities  within  nations,  but 
nations  themselves.     Even  the  United  States,  with  all  its  jealousy 
of  central   interference   with   the   doings  of   individual    States, 
learned  from  the  ravages  of  yellow  fever  in  the  Mississippi  valley 
in    1878   that  some    general    co-ordination   and  direction    was 
necessary  for  the  national  good;  and  hence  the  Act  establishing 
a  National  Board  of  Health  passed  by  Congress  in  the  following 
year.     Canada  felt  that  she,  being  in  territorial  continuity,  could 
not  stand  aloof,  and,  although  as  yet  without  legislative  inter- 
ference, the  officials  of  the  two  countries  have  by  conferences  come 
to  an  understanding  as  to  interchange  of  information  and  mutual 
assistance  against  the  common  enemies  of  their  health  and  life. 
In  Europe  the  same  powerful  agency  has  brought  governments 
into  negotiation.    *'  Cholera  conferences  "  between  representatives 
appointed  by  the  various  governments  have  been  held.      Great 
Britain,  under  whose  rule  the  habitats  of  cholera  exist,  has  been 
made  to  feel  her  responsibility  to  all  Europe.      At  the  Inter- 
national  Sanitary  Congress  which   recently  met  in   Vienna,  a 
resolution  was  adopted  to  the  effect  "  that  an  international  con- 
vention between  the  different  States  be  established  against  cholera^ 
plague,  and  other  communicable  diseases."    Certain  principles  were 
accepted  as  the  basis  of  this  international  co-operation,  among 
which  were  not  merely  compulsory  notification  of  each  case,  con- 
centration  of    intelligence  of  new  movements  of  disease  in  a 
central  Board  sitting  in  some  neutral  State,  and  redistribution 
therefrom  of  disease-warnings,  rules  as  to  commerce,  passengers, 
inspection,  disinfection,  kc,,  but  stipulations  as  to  water-supply, 
drainage,  and  other  measures  for  the  prevention  of  disease  at  its 
point  of  origin.     In  this  way,  step  by  step,  the  final  end  of  the 
existence  of  communicable  disease  is  being   worked  out.     Self- 
interest  enlists  the  most  enlightened  nations  in  the  promotion  of 
the  physical  welfare  of  the  poorest  and  most  wretched  inhabitants 
of  the  remotest  comers  of  the  earth. 
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with  unskilled ;  and  also  what  measurable  part  is  played 

bj  the  labour  that  calls  in  great  natural  powers. 
III.  It  takes  socially  necessary  labour  as  its  measure,  but  takes 

no  account  of  the  masses  of  goods  that  are  produced 

under  cost ;  that  is  to  say,  at  wages  under  the  decent 

subsistence  level. 
lY.  It  neglects  the  fact  of  experience  that,  even  when  goods  are 

reproducible  at  will,  the  action  of  supply  and  demand 

makes  price  oscillate  now  on  this  and  now  on  that  side  of 

the  level  of  labour,  while  many  goods  are  permanently 

"  cut." 
v.  It    takes   no   account   of  the  element  of  time  elapsing 

between   the   many    processes   that    connect  the  raw 

material  with  the  finished  article. 
YI.  It  is   inconsistent  in  putting  forward  labour  as  the  sole 

measure  of  value  and  afterwards  bringing  in  the  resuU 

of  that  labour  as  a  condition. 
These  are  a  few  of  the  reasons  for  which  the  best  economists, 
German  and  English,  have  dismissed  the  theory  as  insufficient. 
It  might  be  pointed  out  that,  as  an  ideal  theory  of  value, 
as  distinguished  from  an  economic  theory  that  must  explain 
the  facts  of  every-day  business,  it  is  by  no  means  ridiculous.  It 
is  a  law  of  our  being  that  our  capacities  only  grow  in  exercise, 
and  that  healthy  congenial  exercise  of  capacity  is  the  best  condition 
of  happiness.  But  it  is  also  the  condition  of  the  greatest  conceivable 
social  wealth  that  each  person  should  get  work  suited  to  his 
capacities,  and  devote  himself  mainly  to  that.  If  this  were  possible 
to  all,  the  true  reward  of  man's  life  would  evidently  be,  not  in  what 
he  made,  but  in  the  life  he  led  during  his  work.  The  best 
conception  then  of  society  is,  where  each  person  should  realize 
himself  in  all  his  powers  of  body  and  mind  to  the  utmost  extent, 
and  should  throw  the  product  of  his  work,  thus  happily  condi- 
tioned, into  the  common  purse  of  his  community,  realising  himself 
most  perfectly  in  giving  his  life-work  for  others.  In  such  a 
community  labour  would  be  the  measure  of  value;  for  wealth 
would  be  distributed,  not  by  results,  but  by  the  time  of  work  that 
each  gave.  Products  of  equal  times  of  work  would  have  equal 
exchange  value. 

It  is  fortunate,  however,  that  Socialism  does  not  stand  or  fall 
with  this  as  its  economic  theory  of  value.  One  may  hold  almost 
any  theory  of  value,  and  yet  adopt  Marx's  conclusion  that,  in  the 
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indxistrial  world  of  to-day,  the  large  share  of  the  reward  that 
nature  and  society  never  refuse  to  labour  has  fallen,  and  must 
hXl,  to  the  few — the  owners  or  disposers  of  capital. 

It  must  be  admitted  at  the  outset — and  it  is  very  regrettable — 
that  Marx  nowhere,  so  far  as  I  know,  credits  the  capitalist  with 
anything  but  honest  stealing.  If  by  capitalist  we  are  to  under- 
stand employer,  and  if  our  conception  of  the  employer  is  that 
of  the  Captain  of  Industry,  then  it  is  as  absurd  to  deny  the 
function  of  the  capitalist  as  it  would  be  to  deny  a  function  to  any 
other  captain.  But  every  one  knows  that  there  is  an  ambiguity 
in  the  word  capitalist.  It  covers  at  least  two  distinct  classes — ^the 
owners  of  capital  and  the  users  of  capitaL  If  then  we  inquire 
what  Marx  means  by  capitalist  it  may  make  us  more  just  to  his 
view. 

Marx's    capitalist    is    the    ordinary   manufacturer   who   tells 
you  frankly  that   he    is   in    business   to  make  money.     He  is 
honest  as  things  go.     He  merely  wishes  to  have  as  large  a  business 
as  possible,  to  get  as  good   profits  as  he  can,  and  to  pay  his 
workers  the  lowest  wage  they  will  accept     He  looks  on  his 
business  as   his   own   individual   concern.     He  has  no  idea  of 
rational  restrictions  on  profits.     And,  lastly,  he  looks  on  labour  as  a 
commodity,  and  applies  to  it  the  rule  that  regulates  the  price  of 
other  commodities — buy  in  the  cheapest  market.      What  is  the 
lowest   price   that  labour   will   accept?      Evidently    it  is    that 
determined  by  its  cost  of  pi*oduction  ;  the  amount  of  necessaries, 
comforts,  and  conveniences  necessary  to  keep  the  labourer  in  life, 
and  enable  him  to  rear  a  family ; — for  the  human  machine  wears 
out  like  other  machines,  and  requires  to  have  reproduced  its  value 
before  it  wears  out  altogether.     So  the  lowest  level  to  which  wages 
can  be  reduced,  as  a  rule,  is  the  level  of  unskilled  married  labour. 
If  the  capitalist,  then,  can  keep  wages  down  to  this  level,  he  can 
lay  hands  on  all  that  the  worker  makes  over  that   consumed 
in  reproducing  his  wages.     If  he  gets  three  shillings  a  day  of 
wages,  and  if  he  consumes  three  shillings  in  raw  material  and 
wear  and  tear  of  tools,  and  during  the  day  turns  out  an  article 
that  sells  for  nine  shillings,  then  the  capitalist  gets  three  shillings 
of  profit.     To  use  the  Socialist  language,  he  "  exploits  "  the  labour 
of  the  worker  to  the  extent  of  three  shillings,  or  100  per  cent. 
The  word  "  exploit"  is  a  very  significant  one.    It  conveys  the  double 
idea  of  using  and  using  up ;  in  a  somewhat  scientific  .way  it  suggests 
robbery,   and   so  is  as  grateful   to    the  revolutionary  as  it  is 
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rmpleasant  to  the  capitalist  These  three  shillings,  then,  Marx 
calls  Surplus  Value;  it  is  value  produced  by  labour  and  not  paid  for. 

The  typical  capitalist  of  Socialism,  then,  is  the  man  at  the  head 
of  the  business,  who  owns  the  capital,  and  does  nothing  more  than 
pay  wages  to  managers,  foremen,  and  men.  The  question 
immediately  arises  whether  this  is  a  true  description  of  the  average 
capitalist  or  not.  So  far  as  my  experience  goes,  I  would  say  that 
most  large  firms  are  composed  of  a  number  of  partners,  of  whom  one 
usually  does  the  work,  while  the  others  have  a  position  which 
is  more  or  less  ornamental — at  least  not  worth  what  is  paid  for  it. 
Emphatically,  Marx's  description  does  not  apply  to  the  organiser 
and  working  head  of  the  business,  for  in  the  present  system  of 
industry  he  is  absolutely  indispensable.  To  the  remaining  part- 
ners, probably,  Marx's  description  does  apply.  If  we  admit  the 
Socialist  contention  that  there  should  be  a  connection  between 
wages  and  work,  it  is  difficult  to  see  why  any  man  should  get  10 
per  cent,  simply  because  he  is  the  son  of  his  father. 

I  am  not  sure  that  the  position  of  this  bad  capitalist,  as  we 
might  call  him,  is  different  from  that  of  the  shareholder  in  a 
limited  company,  who  draws  from  it  what  is  called  a  dividend. 
The  word  dividend  gives  us  no  indication  of  whether  this  is 
considered  wage,  interest,  or  profit.  So,  although  it  seems 
•  absurd,  we  must  ask  the  question  :  When  we  get  a  return  from 
a  manufacturing  company  of  10  per  cent,  is  that  interest  on 
capital,  or  is  it  profit  ?  Or  is  some  of  it  interest  and  some  of  it 
profit  ?    Can  we  separate  interest  from  profit  ? 

The  fact  is — interest  and  profit  are  not  two  funds  but  one.  They 
both  come  out  of  new  wealth — new  wealth  bom  of  the  past,  added 
to  the  former  wealth  ;  just  as  the  hundred-fold  return  of  grain  in 
harvest  is  a  new  wealth  created  out  of  the  old  seed.  Wealth,  in 
general  terms,  is  the  progressive  adaptation  of  the  environment  to 
the  wants  of  man,  and  is  the  product  of  two  factors — natural  forces 
and  human  labour.  In  modern  industry  these  two  factors  are  set  to 
the  work,  as  it  were,  through  the  mediation  of  capital ;  that  is  to  say, 
the  power  of  labour — ^the  power  that  man  has  over  nature — is  enor- 
mously multiplied  by  capital  in  its  shape  of  machinery,  and  as  that 
command  becomes  greater,  mere  hand-labour  plays  a  smaller  and 
smaller  part.  Now,  if  new  wealth  is  the  result  of  nature  and 
capital  and  labour  working  together  in  continually  varying 
proportions,  it  is  evident  that  we  cannot,  d  prioriy  make  an 
equitable  division  of  this  new  wealth  into  three  parts,  and  say — 
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one  part  b  doe  to  labouTy  and  is  wages ;  one  part  isdae  to  the  use  of 
capital,  and  is  interest ;  the  remaining  part  is  due  to  labour  of  the 
cmplojer,  and  is  prodc    Bnt^  in  point  of  fiict,  we  do  make  a  division. 

As  regards  wages»  there  is  alvays  a  standard  of  customary 
wa^.  Tarring  of  coarse  from  time  to  time  and  firom  trade  to 
trade,  and  ve  pay  according  to  thaC  Marx  would  say  that  the 
standard  is  definitely  fixed,  not  by  custom  but  by  neoessLty.  He 
asserts  that  wages  are,  as  an  arerage,  neTo-  mu^  more  than 
eooogh  to  support  the  labourer  in  Iite«  and  maintain  the  ayenige 
£unilT.  We  shall  consider  this  later.  Meanwhile  we  do  know 
thac«  whaterer  the  total  share  that  falls  to  the  joint  workers,  an 
unskilled  labourer  will  get  no  more  than  ISs^  to  fOs.  a  week. 

As  rc^rds  capital^  the  remuneration  is  also  fixed.  The  ocHn- 
petition  of  accumulating  wealth  and  the  competition  of  new 
«ses  for  it  determine  a  price  which  becomes  reec^nised  as  the 
normal  rate  of  interest.  In  general  terms^  it  is  the  price  that 
men  are  willing  to  pay  rather  than  do  wichout  it.  We  take  as 
our  base  line  those  uses  of  it  that  carrr  no  risk,  or  almost  none,  and 
above  that  the  uxterest  rises  with  the  rL^k.  We  say*  for  example, 
that  3  per  cent  !:;>  the  return  for  an  investment  as  safe  as  Consols. 
We  may  say  in  the  s^iiue  way  that  4  per  cent,  is  a  good  return 
for  property^  aud  perhaps  7i  per  cent,  for  an  oruinary  manufictnr- 
ing  company. 

But  when  the  returtt*  fix>m  our  iiive?>tments  are  above  that^ 
and  are  not  acccuntevi  for  bv  the  risk  ruti^  there  rs  no  other  name 
for  the  extra  return  but  profit.  Aud  one  of  the  questions  of 
{Socialism  is :  Where  does  this  i>rofit  cv^uie  from,  and  whom  is  it 
paid  to  \  One  ausw^»r  may  be  i;iven  thus : — It  Luteresc  properly 
sfHeaking.  is  the  price  that  the  workers  are  willing  to  pay  tor  the 
use  of  capital,  thou  profit  is*  either  what  the  workers  cannot  help 
paying,  or  what  they  do  not  know  they  are  paying.  Profit,  then^ 
according  to  this  answer,  is  the  exploitation  of  the  workers :  and 
this  is  the  answer  of  Socialismu 

To  ;io  back  for  a  Iii:le»  lot  me  try  to  put  in  a  tew  words 
the  rationale  of  interest.  lt\  of  two  motu  one  works  for  a 
week  to  urovide  both  with  ijoods,  azivi  the  other  works  the  next 
week  :br  both,  there  is  an  e^utd  barter  ot  lulvur.  .i:id  mo  qtrestion 
oi  interest  emerges.  If,  of  tlie?>e  two  !ueu,  one  is  strong  enouijch 
to  force  the  other  to  work  for  botlu  aiul  give  up  a  portion  oi  the 
product,  :hat  is  not  interest :  it  is  either  slavery  or  robbery.  If  the 
one  man  lends  the  other  a  quarter  of  ooru»  aud  if  the  borrower. 
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haying  sown  this  com,  gets  back  from  the  ground  in  harvest  just 
a  quarter  of  com,  and  no  more,  and  returns  this  quantity  to  the 
lender,  there  can  be  no  question  of  anything  further  as  interest. 
On  the  contrary,  it  might  be  said  that  the  worker  rather  deserves 
to  be  paid  for  having  preserved  the  com  over  a  year,  when  other- 
wise it  might  have  been  consumed  by  rats  or  damp.  But  if  such 
were  the  usual  result  of  labour,  of  course  there  would  be  no 
borrowing. 

If,  however,  the  borrower  find,  as  result  of  his  harvest,  that  he 
has  ten  quarters  of  com,  is  there  not  a  claim  here  of  the  lender  for 
something  more  than  the  return  of  the  one  quarter  he  lent  1  Assume 
first  that,  judged  by  the  standard  of  the  time,  these  nine  quarters 
gained  are  no  more  than  a  just  remuneration  for  the  borrower's  work. 
Then  the  lender,  we  shall  say,  has  no  claim  to  interest.  If  he  does 
claim  it,  it  will  be  a  forcible  deduction — the  interest  will  have  been 
taken  out  of  the  life  of  the  worker.  But  suppose  the  result  of  the 
harvest  is  twenty  quarters,  here  are  ten  quarters  that  are  not  due 
to  the  labour  of  the  borrower.  Has  the  lender  still  no  claim  )  Or 
suppose  the  heavens  send  a  harvest  of  a  thousand-fold,  does  it  all 
belong  to  the  man  who  put  the  seed  in  the  ground,  and  nothing 
to  the  man  who  owned  the  seed  ?  In  the  same  way,  if  a  capitalist 
lend  a  sheep  and  the  borrower  feeds  it  and  in  due  time  gets  the 
natural  increase  of  the  species  in  the  shape  of  lambs,  it  is  clear 
that  the  lambs  at  least  are  not  all  due  to  human  labour,  and  it 
seems  reasonable  that  the  lender  should  get  back  something  more 
than  the  sheep. 

It  was  the  exclusive  looking  at  this  aspect  of  the  matters  that 
led  to  the  theory  of  the  Physiocrats  of  last  century.  They  held 
that  all  wealth  came  out  of  the  ground,  that  labour  expended  on 
the  land  was  the  only  productive  labour,  and  that  from  this 
natural  increment  came  interest  and  profit. 

Now  let  us  see  if  this  justification  of  interest  also  applies  to 
manufactures.  In  a  manufacture  you  do  not  sow  cotton  and  I'eap 
yarn,  nor  yet  does  yam  produce  more  yam.  As  a  fact,  manu- 
facture always  deducts ;  the  yam  is  less  than  the  cotton  it  was 
made  from ;  the  cloth  weighs  less  than  the  yams  that  compose  it; 
whereas,  as  we  saw  in  agriculture  and  husbandry,  there  is  a 
multiplication  of  substance.  In  this  respect,  then,  there  is  no 
natural  interest  in  manufactures.  Does  it  follow  that  any 
interest  accming  to  capital  is  wages  stolen  from  labour? 
By   no  means.       For  what  is  added   by  manufacture  is   not 
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quflkntity  indeed,  but  it  is  the  quality  of  utility.  Manufacture 
takes  two  products  that  in  separation  are  valueless,  or  of  little 
Talue,  but  simply  brought  together  are  of  human  use.  But  it  does 
much  more  than  this ; — it  takes  a  substance!  from  nature,  valueless, 
or  even  poisonous,  as  it  grows,  employs  natural  forces  on  it  in 
particular  ways,  and  produces  something  that  was  not  in  existence 
before — a  new  utility,  a  product  desired  by  man.  Now,  as  I  have 
pointed  out,  the  respective  parts  played  in  manufacture  by  natural 
forces  and  by  human  labour  enter  in  very  varying  proportions 
into  different  products.  It  is  clear,  then,  that  the  man  who  supplies 
that  which  gives  power  over  nature,  supplies  something  whose 
rewards  are  out  of  all  proportion  to  the  labour  employed ;  and  this 
is  the  justification  of  interest  on  capital  employed  in  manufacture. 
The  utility  added  by  it  is  so  great  that  there  is  generally  enough 
and  to  spare  for  him  who  lends  the  tools  and  for  the  borrower  who 
uses  them. 

The  utility  added  by  merchant  industry  lb  not  substantially 
different.  When  one  takes  goods  from  where  they  are  not  wanted 
to  a  place  where  they  would  otherwise  be  wanting,  the  wealth 
added  to  the  community  is  enough  to  pay  the  worker  and  pay 
interest  to  t^e  one  who  arranges  the  conveyance.  The  productive 
labour  of  the  merchant  is  both  negative  and  positive ; — negative,  in 
that  it  prevents  wealth  produced  from  being  wasted ;  positive,  in 
that  it  allows  the  worker  to  give  all  his  time  to  production. 

This,  then,  is  the  rationale  of  interest;  and  I  hope  it  makes  clear 
that  it  is  impossible  to  say,  a  priori,  what  part  is  actually  due  to 
capital  as  the  power  of  superior  tools  over  the  environment.  All 
we  can  say  is,  that  some  return  is  due,  and  that  its  proportion  is 
determined  by  the  relation  of  supply  and  demand. 

We  shall  assume,  then,  that  interest  on  capital  is  a  fair  and 
useful  thing.  This  the  Socialists  allow.  The  question  with 
them  only  is  as  to  who  shall  have  it.  Suppose  that  our 
manufacturing  company  hitherto  has  paid  a  dividend  of  7^  per 
cent.,  and  that,  on  account  of  the  risk  that  such  a  company 
always  presents  over  a  public  security  like  Consols,  we  may  count 
this  as  no  more  than  a  fair  interest.  But  this  year  it  pays  10  per 
cent.     Where  does  the  other  2i  per  cent,  come  from  1 

If  it  w^ere  a  private  concern  that  was  in  question,  the  answer 
would  be  simple.  A  private  employer  working  with  his  own 
capital,  deserves  to  get  on  that  capital,  of  course,  the  usual  rate  of 
interest  without  work,  which  we  have  assumed  to  be  7^  x>er  cent. 
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But  beyond  that  he  properly  asks  his  own  wages.  Into  the  account 
of  these  wages  he  puts  such  items  as  the  following : — Cost  of  early 
education  and  apprenticeship ;  wear  and  tear  of  mind  and  body ; 
anxiety  and  worry ;  risk,  not  only  of  losing  capital  and  being  held 
for  debts^  but  of  losing  reputation ;  cost  of  reproducing  another 
race  of  employers  as  well  educated  as  himself. 

This  is  the  justification  of  what  is  called  Profit.  Mill  called  it 
Wages  of  Superintendence  :  not  a  very  good  expression,  but  note- 
worthy for  the  acknowledgment  it  contains  that  profits  are  wages 
— ^that  is  to  say,  presumably,  reward  for  work  done. 

Beyond  these  items,  however,  the  employer  does  claim  all  that  his 
genius  or  his  care  enables  him  to  get  out  of  nature  over  what  other 
men  working  in  the  same  field  can  get.  Whether  this  is  a  legitimate 
claim  or  not  may  be  questioned.  In  the  following  case  it  would 
seem  vindicated : — Suppose  that  a  farmer,  from  much  study  of  the 
weather,  sees  rain  coming,  and  puts  up  his  stacks  before  they  are 
quite  dry,  risking  this  danger  against  that  of  not  getting  in  his 
crop  at  all ;  and  so  saves  his  grain  while  his  neighbours  lose  theirs. 
Here  is  an  extra  reward  fairly  earned,  not  at  the  cost  of  anyona 
The  farmer  has  won  a  profit  out  of  nature,  by  the  sweat,  not 
of  his  brow,  but  of  his  brain. 

But  undoubtedly  most  of  the  extra  rewards  gained  as  profit 
are  either  got  by  outwitting  and  getting  in  front  of  other 
men,  or  by  the  use  of  inventions.  As  regards  the  former,  there 
are  immense  profits  made  where  no  new  wealth  is  produced,  but 
old  wealth  transferred  from  pocket  to  pocket,  or  where  wealth 
produced  is  appropriated  by  one  instead  of  being  divided  among 
many.  As  regards  the  latter — "invention  calling  wealth  out  of  the 
waste  " — ^it  Ib  too  well  known  that  it  is  not  usually  to  the  inventor, 
but  to  the  one  who  can  make  use  of  the  invention  before  others, 
or  monopolise  it^  that  the  great  rewards  fall ;  just  as  the  prizes  of 
gold  mining  do  not  fall  to  the  discoverer  of  the  gold,  but  to  the 
monopoliser  of  the  ground. 

Whether,  however,  we  yield  this  extra  over  the  wages  of  super- 
intendence to  the  private  employer  or  not^  we  at  least  understand 
the  ground  on  which  this  profit  is  claimed  by  him.  It  is  got  by 
his  special  ability,  and  by  work  of  one  kind  or  another. 

But  in  the  caseof  a  limited  company  earning  a  1 0  per  cent,  dividend, 
when  interest  is  calculated  at  7^  per  cent.,  there  is  no  such  source  of 
profit.  The  2^  per  cent,  divided  among  the  shareholders  has  come 
out  of  some  one's  work,  and  is  got  by  keying  back  some  one's  wage& 
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\\  is  nrjp^  Deeeasarr  to  saociose  cmc  h  is  73:  br  keewis^  back  the 
«-i.rjirr  vorker^s  wa^es ;  it  is  m«>re  likelj,  oa.  tae  wiL:>ie,  to  be  the 
wa.gi»  rA  xm  mana^r  or  ni.inAzgrs.  or  eTen,  bj  rhancft,  the 
di/«ctorL  The  phr^ise  '^  keeping  bick.^  too.  zseed  not  implj  any 
or>r^iet&n^tioa  of  the  act.  If  the  'Ih  per  cent,  extra  prodc  has  been 
made  hj  toe  exertions  of  Loe  manager,  the  answer  iiiaj  rery  well 
be  this  :  ^  It  is  a  case  of  contract.  We,  the  shareholdetSy  pay  the 
manager  a  fixed  salary,  in  consideration  of  wnich  he  makes  for  ns 
an  HT^  fixed  pro^t.  If  he  were  in  a  position  co  goarantee  as  a 
fixed  interest  of  7|  per  cent.,  and  take  the  risk  of  the  profit  as  his 
remuneration,   it   woold   be  a   parallel   case,   and    probably   as 


acceDta/ile  to  osl" 


Or  if  it  be  the  nnpaid  wages  of  the  managing  director  oat  of 
which  the  profit  comes,  he  may  answer  in  the  true  spirit  of  a 
Captain  of  Industry :  '^  I  am  a  salaried  officer  of  a  raiment ;  my 
d'lty  is  to  do  the  best  I  can  for  my  company ;  if  the  company 
jincoeeds  under  my  leading  I  have  a  reward  that  cannot  be  priced 
in  precioas  metaL"  So  one  may  hope  that,  before  Socialism  becomes 
necessary,  the  typical  capitalist  will  be  the  man  who  counts 
that,  the  more  responsible  and  the  more  honourable  his  position 
is  in  the  ^'  war  against  bare  backs,"  the  less  pay  he  needs ;  and 
whose  conception  of  the  proper  division  of  rewards  will  be 
that,  as  it  has  been  made  by  all  the  workers  in  proportions  that 
cannot  be  well  gauged,  so  it  is  safer  for  an  employer  to  raise  his 
waqes  than  increase  his  profits. 

If  this  is  true  we  shall  have  to  say  that  shareholders  in  com- 
panies earning  more  than  what  we  have  called  interest,  get  all 
above  the  interest  level  from  the  unpaid  labour  of  some  one  or 
some  class.  This  surplus  value,  too,  we  see,  may  be  justifiably 
taken  on  the  ground  of  contract.  But  there  is  every  reason  to 
think  that  this  profit  is,  in  most  cases,  taken  out  of  the  earnings  of 
thoHe  who  do  not  know  it,  or  cannot  help  it :  in  short,  that  the 
cr;n tract  whereby  the  shareholders  get  10  per  cent,  and  the 
manAgf^v  a  salary,  and  the  ordinary  workers  a  bare  living,  is  a 
one-KJded  contract  made  with  helpless  or  ignorant  men.  This  is 
the  Hocialist  contention,  and  I  may  put  it  for  clearness  in  another 
way. 

If  men  are  working  in  a  field  and  get  a  certain  return  from 
that  field,  every  honest  worker  is  entitled  to  have  his  bare  living 
out  of  it^  So  much,  at  least,  without  interpreting  providence, 
wc  may  presume  from  the  continuance  of  man  on  the  earth. 
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So  long  as  nature  returns  no  more  than  this  there  is  no 
question  either  of  interest  or  profit.  But  say  that  the  heavens 
are  bounteous  and  yield  a  surplus,  the  question  emerges :  In  what 
shares  shall* this  surplus  be  divided?  The  answer  may  be  given  : 
Part  of  it  is  due  to  the  man  who  lends  tools,  for  he  has  multiplied 
the  power  of  human  arms;  and  part  of  it  is  due  to  the  man 
who  has  brought  the  workers  from  other  places  in  due  proportion, 
and  has  set  the  plan  on  which  to  work,  who  knows  what  kind  of 
seed  is  needed  and  what  kind  of  manures  and  labour  to  apply,  and 
who,  finally,  finds  a  market  for  the  crop. 

But  all  the  workers  are  necessary  to  the  cultivation  of  the  field, 
and  surely  if  there  is  a  surplus  it  is  not  all  due  to  these  two  men. 
There  is  one  factor  that  has  been  forgotten,  and  that  is  the  most 
important  one — the  co-operation  of  nature.  If  nature  do  not 
give  sun  and  rain  how  is  any  one  to  get  anything  ) — for  organisation 
and  capital,  after  all,  do  little  more  than  put  natural  forces  in  a 
position  to  work.  On  what  principle  can  either  capitalist  or 
employer,  or  both  together,  claim  all  the  surplus  ? 

Evidently  the  division  is  not  made  according  to  reason,  but 
is  determined  by  the  circumstances  of  competition.  The  history 
of  our  country  has  made  the  labourer  the  most  helpless  of 
all  the  workers,  and  therefore  to  him  goes  the  smallest  share.  The 
accumulation  of  capital  has  made  the  owners  of  it  the  next  helpless 
class,  and  their  share  is  being  run  down  generation  by  generation. 
But  the  scarcity  of  men  with  brains  has  made  the  employer  the 
king  of  the  position,  and  therefore  he  can  take  all  the  surplus  if 
he  pleasa  To  call  it  wages  of  superintendence  is  exceedingly 
misleading,  in  so  far  as  the  word  wages  usually  conveys  the  idea 
of  a  fixed  remuneration  Now  every  practical  man  knows  that, 
while  there  is  a  level  of  wages  for  any  trade,  and  a  level  of  interest 
for  various  uses  of  capital,  there  is  no  level  of  profit  in  any  trade, 
and  there  is,  certainly,  not  a  level  of  profit  over  all  trades.  It  is 
impossible  to  speak  even  of  a  minimum  profit.  Farmers  and 
landowners  have  for  some  years  been  working  for  a  return  below 
bank  interest.  Manufacturers  have  been  working  at  less,  for  the 
reason  that  capital  once  sunk  in  land,  buildings,  or  machinery, 
cannot  be  got  out,  and  it  is  better  to  work  for  nothing  than  to  lose 
one's  capital. 

But  even  if  we  grant  that  the  employer  has  a  right  to  this 
surplus,  it  is  evident  that  it  goes  very  often  to  many  people  besides 
the  one  or  two  who  actually  do  work,  and  in  the  case  of  a  limited 
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oompui  J  it  goes  almost  entirely  to  tliOBe  vbo  do  nodung  bat  risk 
tiieir  moD^. 

To  this  extent  Socutlism  has  no  qnarrd  with  the  workers ;  it  is 
with  the  idlers.  And  if  the  Socialist  were  merel  v  to  saj  that  law 
in  this  case  should  do  what  competition  soono'  or  later  is  supposed 
bj  some  economists  to  do — compel  the  profit  to  be  returned  to 
the  world  in  the  shape  of  low  prices, — I  am  not  sure  that  any  one 
but  the  idlers  would  much  object;  and  the  first  part  of  the 
Socialist  contention  is  that,  even  granting  that  interest  is  due  to 
capital,  and  wages  of  superintendence  are  due  to  employer,  there 
may  be,  and  genenllj  is,  a  surplus  varying  in  amount.  If  this 
goes  to  sleeping  or  non-working  partners  it  goes  to  those  who 
have  done  nothing  for  it,  and  therefore  to  the  one  class  that  has 
no  claim  on  it. 

The  second  part  of  the  contention  is :  That  in  the  division  of 
the  surplus,  whether  that  surplus  is  divided  out  among  capitalists 
and  employers,  or  among  working  capitalists  and  idle  capitalists, 
one  thing  \»  certain,  which  is  that  the  ordinary  worker  does  not  get 
any  share  of  it.  Whatever  the  bounty  of  nature,  whatever  the 
power  of  hibour,  the  ordinary  worker  gets  his  bare  living  and  no 
more: 

The  argument  runs  thus :  New  value  most  emerge  in  return  to 
labour.  The  earth  is  bountiful  enough  to  return  to  man  much  more 
than  the  sustenance  he  consumes  while  he  is  working  on  it»  and 
as  division  of  labour  does  not  emerge  till  this  ample  return  is 
secured,  it  mui»t  be  that  the  manufacturing  worker  produces  more 
value  than  he  consumes.  All  normal  labour,  then,  produces  sur- 
plus value.  This  surplus  value  cannot  always  be  taken  from  the 
worker.  In  a  new  country,  like  America,  wages  are  always 
at  a  comparatively  high  level,  because  the  worker  has  access  to 
land  If  he  caimot  make  as  much  in  the  town  as  he  could  make 
for  himself  in  the  country  he  will  not  work  at  the  factory.  Agri- 
cultural wages  in  such  cases  are  the  minimum  of  manufacturing 
wages.  But  in  an  old  country,  where  land  is  scarce,  and  in  a 
community  where  labour  is  organised  in  the  most  complex  way, 
the  {jower  of  capital  over  labour  is  an  overwhelming  one.  And 
in  an  old  country  it  seems  impossible  to  deny  that  the  working 
man's  wage  is  never  far  from  the  level  of  necessary  wages. 

There  are  various  ways  of  reading  this  Iron  Law  of  wages,  as 
Lassalle  called  it.  Kicardo  said  that  wages  had  a  tendency  to  fall  to 
the  quantity  of  necessaries,  conveniences,  and  comforts  that  would 
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8apport,,not  bare  life,  bat  the  life  that  had  become  essential  to  the 
worker  through  habit.  Now  it  is  possible,  as  it  is  in  the  highest 
degree  desirable,  that  that  level  of  habit  should  rise.  So  we 
should  read  the  iron  law  in  this  way  :  Wages  have  a  tendency  to 
fall  to  the  minimum  standard  of  comfort.  In  proportion  to  the 
growing  wealth  of  Great  Britain,  that  standard  of  comfort  to-day 
should  admit  of  a  two-roomed  house  for  every  worker  who  occu- 
pied a  one-roomed  house  thirty  years  ago  or  so.  I  mean  to  say 
that  as,  on  Mr.  Giffen's  calculation,  wealth  in  Great  Britain 
increases  at  the  rate  of  3  per  cent,  while  population  only  increases 
at  the  rate  of  1'3  per  cent.,  the  standard  of  the  worker 
should  be  doubling  in  short  periods.  Is  this  the  case  with  our 
workers?  Mr.  Gififen,  in  his  two  Essays  of  1883  and  1886,  has 
shown  that  the  money  wages  of  the  working  classes  have  risen 
from  50  per  cent,  to  100  percent,  within  fifty  years,  while  the  price 
of  commodities,  as  a  whole,  has  materially  decreased.  This  is 
very  perplexing  to  those  in  great  cities  who  work  among  the  poor, 
and  who  certainly  would  never  arrive  at  such  a  conclusion  from 
their  own  observation.  The  solution  may  be  found  in  that  cir- 
cumstance to  which  Mr.  Giffen,  I  think,  does  not  in  these  essays 
allude — the  very  great  irregularity  of  employment.  It  is  evi- 
dently one  thing  to  take  the  rate  of  wages  from  a  cashier's  pay- 
sheets,  and  another  to  assume  that  the  men  get  this  wage  steadily 
over  the  year.  The  well-known  improvidence  of  the  working 
classes  makes  a  year's  employment  at  the  rate  of  15s.  a  week  a 
much  more  desirable  thing  than  a  six  months'  employment  at  308. 

However,  leaving  that  matter  subjudice,  and  merely  suggesting 
that  the  present  crisis,  which  shows  no  sign  of  coming  to  an  end, 
may  have  vindicated  the  tendency  after  fifty  years,  let  us  look  at 
Marx's  explanation,  in  which  we  shall  probably  find  enough  of 
truth  without  pressing  his  argument  too  far.  Capitalism,  he  says, 
is  not  possible  till  the  capitalist  can  meet  in  the  open  market  what 
he  calls  the  free  labourer — free,  that  is  to  say,  in  the  somewhat 
sarcastic  sense,  that  he  is  free  from  aU  the  encumbrances  of  property, 
from  property  in  land  especially.  And  this  free  labourer, 
instead  of  being  in  a  position  to  sell  commodities  in  which  his 
labour  is  incorporated,  must  be  obliged  to  offer  for  sale  as  a  com- 
modity that  very  labour  power  which  exists  only  in  his  living  sell 
"  Now,  one  thing  is  clear,  nature  does  produce  on  the  one  side 
owners  of  money  or  commodities,  and  on  the  other  men  possessing 
nothing  but  their  own  labour  power.     This  relation  has  no  natural 
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Kwfwj  needier  is  its  social  basis  one  that  is  oommon  to  all  Iiistorical 
pcriocfa  It  is  dearly  the  result  of  a  past  historical  development, 
the  product  of  many  economical  revolationa.''  What  is  the  history 
of  this  development  t 

Once  on  a  time  this  firee  labourer  could  not  have  been 
fcmnd.  In  the  fifteenth  century,  when  the  feudal  tenures 
had  broken  up,  the  labourer  had  asserted  himself  as  the 
indiqwnaable  man.  The  owners,  left  with  their  acres,  and  with 
no  force  to  compel  their  former  ser&  to  work  for  them,  were  not 
masters  of  the  situation.  The  labourer  had  the  land  to  go  to  in 
times  when  the  standard  of  life  was  low,  and  the  peasant  could 
make  by  his  spade  almost  as  good  a  living  as  his  former  master ; 
for  before  this  time  wealth  was  shown,  not  by  variety  of  luxury, 
but  by  wasteful  multiplication  of  coarse  abundance. 

For  generations  after  this  the  land  remained  in  the  hands  of 
those  who  owned  it — the  yeomanry.  At  the  b^inning  of  the 
eighteenth  century  there  were  180,000  freeholders  in  England, 
according  to  Gr^ory  King.  It  was  not  till  the  reign  of  Anne 
that  the  enclosures  began  to  take  the  land  out  of  the  reach  of 
the  peasant.  By  1760  the  yeomen  had  practically  disappeared. 
This  was  the  date  of  the  industrial  revolution.  The  discovery  of 
steam  as  a  prime  motor  and  its  application  to  machinery  found  a 
state  of  matters  favourable  for  factory  industry.  It  found  popu- 
lation pressing  upon  food,  the  people  ground  down  by  taxation, 
and  the  peasants  in  great  distress.  In  fact,  the  new  system  found 
great  bodies  of  men  to  whom  this  opening  up  of  wage-paid  industry 
was  a  true  godsend.  Great  Britain  had  got;  divided,  as  it  never 
was  quite  divided  before,  into  rich  men  and  jwor  men. 

This  is  the  historical  origin  of  the  free  labourer.  The 
present  position,  in  which  men  and  women  in  great  towns 
are  at  the  call  of  any  capitalist  who  will  hire  them,  is  the 
natural  evolution  of  this.  The  question  that  Marx  puts,  then, 
is :  '*  How  have  the  working  classes  remained  at  such  a  low 
level  of  wages  in  face  of  all  the  rush  of  wealth  that  came 
with  factory  industry?''  We  may  object  to  the  statement  that 
the  average  working  wage  is  at  the  ''necessary'*  level,  but  it 
is  impossible  to  deny  that  the  accumulating  wealth  has  been  very 
badly  distributed  indeed,  and  that  it  would  have  been  good  for 
civilisation  if  the  comfortable  classes  had  had  much  less  and  the 
working  classes  much  more.  For  answer  to  his  question,  Marx 
refers  us  to  the  Factory  Inspectors'  Reports  from  year  to  year. 
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and  one  must  admit  they  are  very  ghastly  reading.  From  these 
reports  he  seeks  to  prove  the  following  points. 

I. — For  many  years  after  factories  were  in  fall  operation  there 
was  no  attempt  to  fix  a  normal  day  of  labour.  If,  then,  the 
employer  succeeded  in  crashing  down  the  worker  to  the  subsistence 
level,  the  longer  the  day  the  better  for  the  employer.  If  the 
worker  reproduced  the  value  of  his  wages  in  six  hours,  and  the 
capitalist  could  get  him  to  work  twelve  hours,  the  capitalist  got  the 
surplus  value  made  in  six  hours.  If  he  could  extend  the  working 
day  to  fourteen  hours,  it  was  two  hours  more  of  surplus  value.  The 
struggle  against  the  compulsory  regulation  of  the  normal  day  was 
accordingly  very  bitter.  The  reports  show  clearly  how  well  the  mill- 
owners  undei'stood  the  value  of  these  over-horn's.  Professor  Senior 
in  1837,  when  the  hours  of  labour  were  eleven  and  a  half  per  ordinary 
day  and  nine  on  Saturdays,  undertook  to  prove  that  the  whole  net 
profit  was  derived  from  the  last  hour.  The  act  of  1850  was  only 
carried  by  the  aid  of  the  landed  classes,  acting  out  of  revenge  for  the 
part  played  by  the  commercial  classes  in  abrogating  the  Com  Laws. 
Every  attempt  to  shorten  hours  has  been  met  with  the  most  strenuous 
opposition  and  with  prophecies  of  ruin  to  the  country.  Even  now 
we  hear  the  cry  that  our  ten  hours'  day  of  work  for  women  and 
youths  is  putting  us  out  of  the  running  with  countries  like  Belgium. 

II. — As  law  interfered  to  fix  a  normal  day  of  labour  every 
effort  was  made  to  reduce  the  cost  of  production  of  the  worker 
himself.  It  is  acknowledged  that  the  capitalists,  as  a  class,  did 
carry  the  abolition  of  the  Com  Laws.  Marx  attributes  their 
action  to  the  knowledge  that  cheap  food  meant  less  wages.  If 
the  worker  was  able  to  reproduce  his  wages  by  five  hours  of  labour 
instead  of  by  six  hours  as  before,  the  employer  could  get  another 
hour  of  surplus  value  out  of  him  by  keeping  down  his  wage  to  the 
same  subsistence  level  as  before.  Thus,  he  says,  there  has  always 
been  a  well-founded  opposition  of  interests  between  the  landed 
and  the  capitalist  class.  The  obvious  objection  here  is  that  Marx 
would  have  to  show  that  prices  were  not  reduced  in  the  same  ratio 
as  wages.  There  is,  in  fact,  great  reason  to  believe  that  the  better 
part  of  the  "  surplus  value  "  has  all  along  gone  in  low  prices. 

IIL — Another  way  in  which  the  capitalist  could  retain  the 
surplus  value  taken  from  him  by  the  compulsory  shortening  of 
hours  was  by  increasing  the  intensity  of  the  labour  done  in  these 
hours,  *^  raising  the  productive  power  of  the  workman  so  as  to 
enable  him  to  produce  more  in  a  given  time  with  the  same  expend!- 


^ 
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0.ff^  r4  UlKMir,"  This  waa  done  in  three  ways— by  pieee-wk, 
.>y  th^  nwmi'mfi  system,  and  by  the  introduction  of  madunery. 
t^t  114  Uku  thwe  separately  : — 

f/A)  l'»#t<5#T  w(irk,  says  Marx,  comes  first  in  the  diagiiise  of  a 
M*v.^»i.j(  U>  thtt  working  man.  It  is  a  payment  by  results ;  and 
*/r  .K  /y,fr»Mi«nds  lUolf  to  the  best  class  of  workmen-  Bui  maik 
,M  MT^^.t  #ni  this  whole  body  of  labour.  Where  possible  it  leads  to 
^w,i/„.t^^M/,ii  of  the  working  day  and  the  overstraining  of  energy. 
i,,  (,\\  f4tm4^n  it  ram<is  the  average  of  the  intensity  of  work.  The 
n.M,  *ho  torft  litroiiK  work  for  ten  hours  at  high  pressure,  make  a 
^/^^}  vfi(/«,  md  iwrhaps  are  none  the  worse  for  it  But  it  kills 
^r.K  f^fhHit  who  arn  loHM  able  to  stand  the  strain.  It  reflects  on 
M./.HA  ifhn  nra  wcrkiiiK  by  time  wage,  and  is  a  thorough  check 
/^,  h.uh  It  WMnpt^lH  that  the  average  of  work  of  all  kinds  be 
.,./.,(/>,».  H|i  to  th»  high  average  of  the  strong  workman  tempted 
r./  h.ju  wtt«ii«.  ThuH,  in  time,  it  fixes  the  average  productiveness 
/w  M.».^.4iKy  of  labour,  and  then  the  wages  are  reduced  aU  over— 

^r,*^^K  »hi(t\n  an  Willi  aH  time  wagea 

•>/<i^  Miu  )ook»alinoHt  likediabolicalingenuity,andtoascribeitto 

A  .y,h.\,4fh  m'tutm  to  be  overdrawing  the  picture.  But  I  have  had 
rr,  o.^  hiftu  i.«fwirlnuo«  this  case,  for  instance:  where  an  agreement 
rMM  u.inH  to  biitwilou  a  private  firm  and  a  trade-union  of  men 
v^^fM^f.ii  "M  <»'«  l»»<^<^«.  ^'•"^*  ^^^0  workers  should  get  all  they  earned 
^<  M,/*  inUy  of,  May,  Oil,  for  the  piece,  but  whenever  the  wages  of 
,y,A.^  -ro^  1*^14  name  up  to  358.  a  week,  the  price  of  the  piece  wa« 
^^r  M.  f^JhitM  U,  rid.  ThiK  meant,  in  common  language,  that  whatr 
^  ,  ,  Mr^.  ♦otlii^rrt  iiddtul  to  product  they  should  not  get  more  than 

Ihj  WiMit.  iM  known   as  the    sweating  system  has  peculiarly 
A,T..  *r/^  ^.lyrt  of  fiviuling  legislation  and  adding  to  profit  at  the 

f.  If  Ml  wotimn  is  allowed  to  take  things  home  to  makeup, 
^f.n  U  riniioved  from  factory  restrictions  ;  she  may  work 
nA  loi,K  iiH  she  likes,  and  in  any  unsanitary  conditions 
nhP^  likim;  and  she  may  work  her  chUdren  at  any  age. 

'I.  t^y  «/'ftttoring  the  workers  over  a  wide  area  and  out  of  all 
kn/>wlmlge  of  each  other,  the  system  forbids  any  poe- 
'^f  r.ility  of  union  for  mutual  defence ;  it  therefore  admite 
ih#5  maximum  of  competition  between  the  sweated 
w/jrkers,  and  puts  them  in  unfair  competition  "" 
fa/jtr/ry  workers. 
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3.  Under  it  employment  becomes  necessarily  more  irregular, 
as  no  fixed  capita]  is  kept  idle  although  the  worker  it 
unemployed. 

(c)  When  the  day  of  labour  was  shortened,  says  Marx,  and  the 
capitalists  had  prophesied  the  ruin  of  the  country,  they  found  an 
escape  in  speeding  up  their  machinery.  Spindles  running  at  3,000 
were  found  to  be  capable  of  running  at  6,000  revolutions  and  up- 
wards a  minute.  Frames  were  packed  closer,  and  flats  made 
wider,  so  that  the  same  worker  could  superintend  perhaps  double 
the  number  of  spindles  that  she  did  before.  Thus,  while  the  product 
for  equal  times  increased,  an  immensely  greater  strain  was  put  on 
the  energies  of  the  workers,  and  wages  did  not  perceptibly  rise. 
Probably  we  shall  agree  with  Marx  when  he  says:  *' There  cannot 
be  the  slightest  doubt  that  the  tendency  urging  capital,  so  soon 
as  a  prolongation  of  the  hours  of  labour  is  once  for  all  forbidden, 
to  compensate  itself  by  a  systematic  heightening  of  the  intensity 
of  labour,  and  to  convert  every  improvement  in  machinery  into  a 
more  perfect  means  of  exhausting  the  workman,  must  soon  lead 
to  a  state  of  things  in  which  reduction  of  the  hours  of  labour  will 
again  be  inevitable.'' 

But  all  this  is  a  small  matter  in  comparison  with  the  possibility 
that  machinery  gives  of  replacing  adult  labour  by  the  labour  of 
women  and  children,  or  of  replacing  human  labour  altogether.  It 
is  impossible  to  deny  that  the  most  marked  tendency  of  the  present 
system  is  to  replace  hand  labour  by  machinery.  This  requires 
no  proving.  Economists,  indeed,  have  too  long  tried  to  smooth  this 
away  as  an  inevitable  incident  of  progress ;  they  have  said,  that 
though  the  introduced  machine  at  first  displaces  labour,  yet  it 
cheapens  production;  the  cheapened  price  of  the  commodity  brings 
in  larger  demand;  and  gradually  as  many  people  perhaps  are 
employed  in  making  and  tending  the  new  machines  as  were 
displaced;  and  then  the  worker  thrown  out  of  employment  has  the 
advantage  of  buying  the  product  he  formerly  made  for  perhaps 
half-price — a  benefit  he  will  appreciate  if  it  is  an  article  of  luxury ! 
Having  said  this,  economists  should  have  stopped  here,  but  too 
often  they  went  on  to  glorify  this  tendency  as  actually  setting  free 
a  number  of  men  to  produce  other  articles  by  which  the  world  is 
enriched.  This  would  be  true  if  the  man  dismissed  in  favour  of 
the  machine  had  only  to  go  round  the  comer  to  get  another  job. 
But  who  does  not  know  that  the  man  thrown  out  of  employment, 
in  times  like  the  present^  will  scarcely  find  persons  to  employ  him) 
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He  has  to  walk  the  weary  streets  till  he  gets  accustomed  to  them; 
he  has  to  send  his  wife  to  work  and  his  children  to  beg ;  he  loses 
his  skill  by  not  exercising  it ;  he  gets  accustomed  to  eat  the  bitter 
bread  of  charity,  and  perhaps  to  the  charm  of  a  wandering  life;  and 
when  work  comes  in  his  way,  our  workman  has  lost  his  most 
precious  possessions — his  independence  and  his  self-respect.  As  a 
mere  matter  of  national  economy  it  would  be  well  to  bestir 
ourselves,  to  see  if  there  is  not  some  means  of  keeping  our  un- 
employed from  the  fatal  trade  of  *^  loafing/' 

IV. — The  last  circumstance  that  enables  the  capitalist  to  keep 
the  worker  down  to  the  lowest  level  is  the  tendency  to  irregularity 
of  employment,  and  its  concomitant — the  formation  of  an  industrial 
reserve.  Whatever  the  causes  that  produce  it,  we  know  that  good 
times  are  now  regularly  succeeded  by  bad  times,  and  one  of  the 
great  problems  of  the  day  is  to  find  out  the  cause  of  this.  My 
own  explanation  is  that  production  increases  faster  than  demand — 
in  this  way,  that  we  overproduce  in  every  department  before  we 
know  that  there  is  overproduction.  Then  we  tempt  consumption  by 
reducing  prices  instead  of  seeking  the  only  permanent  remedy  of 
finding  other  branches  of  production  that  are  wanted.  To  use  a 
simple  analogy:  it  is,  in  effect,  as  if  we  had  all  been  living  on  cakes 
and  ale  so  long  that  the  producers  thought  they  could  not  produce 
too  great  a  supply  of  cakes  and  ale,  and,  having  overproduced,  they 
should  try  to  remedy  it  by  selling  double  the  quantity  for  the 
same  price.  All  the  while  the  community  would  have  been  glad 
to  eat  meat  and  drink  wine,  but  no  one  giving  a  hint  of  this,  the 
bakers  and  brewers  go  on  producing  desperately,  till  the  wealth  of 
the  community  is  embodied  in  cakes  that  go  to  rot,  and  in  ale  that 
grows  sour  before  it  is  consumed.  But  whatever  the  explanation, 
we  have  times  when  capital  is  sunk  in  establishing  new  under- 
takings,  and  extending  old,  and  when  every  available  hand  is 
employed,  succeeded  by  times  when  men  are  thrown  on  the  street^ 
and  wheels  stand  silent.  Then  it  is  that  the  workers  go  on  the 
tramp  in  search  of  any  work,  and  compete  with  those  who  are 
happy  enough  to  be  still  in  work.  It  is  this  competition  of 
unemployed  with  employed  that  enables  the  capitalist  to  reduce 
his  wages  to  the  level  of  subsistence.  One  would  have  hoped 
that  such  a  chance  would  not  have  been  embraced.  I  have  put 
this  case  to  more  than  one  employer :  '^  If  you  had  a  gang  of  labourers 
working  at  18&  a  week,  and  found  you  could  replace  them  by 
others  who  were  willing  to  come  in  at  16s.,  would  you  accept  the 
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offer  I"     I  am  sony  u>  saj  xhe  answer  I  got  showed  thtX  they 
aware  of  tlie  princq>les  of  the  old  political  eoonomr. 

Well,  this  industrial  resare  in  our  midst  assumes  the  fonn  of  a 
permanent  fofoe— a  oontinnal  menace  to  good  wagea  It  is 
recruited  from  those  who  are  thrown  out  of  work  by  bad  times ; 
from  thoee  r^laoed  bj  madiinenr;  frcMn  those  replaced  by 
cheaper  workersL  It  is  a  force  that  works  steadily  against  Trades- 
Unions  and  makes  uiion  among  the  lower  grades  of  labour 
impossible.  The  advantage  that  the  capitalist  gees  in  replacing 
human  hands  by  iron  ones— obedient  workers  that  will  not  strike 
or  require  the  consideration  one  must  give  to  the  human  worker — 
is  of  course  enormously  increased  by  the  ituct  that  men  can 
be  replaced  by  women  and  children, — ^mere  attention  to  a 
machine  being  generally  unskilled  labour  requiring  little  strength. 
Women  and  children  cannot  protect  themselTes  by  combination. 
The  law  interferes  to  protect  them  so  far  on  this  Teiy  ground. 
It  seems  true  of  women's  wages  at  any  rate,  that  it  has  been 
possible  for  the  capitalist  to  keep  them  down  to  the  lowest  level. 
But  this  is  by  no  means  all.  In  the  Ricardian  theory,  for  all  its 
hjirahni>««^  the  worker  s  minimum  wage  was  supposed  to  be  enough 
to  keep  himself,  his  wife,  and  the  average  of  four  of  a  family.  But 
if  now  the  household  is  all  set  to  work  it  becomes  possible  to  give  all 
six  workers  a  collective  wage,  which  is  only  the  equivalent  of  what 
the  head  of  the  &mily  was  supposed  to  get  Thus  capital  gets  the 
labour  of  six  persons  for  the  wage  of  one.  ''Previously,"  says 
Marx,  "  the  workman  sold  his  own  labour,  which  he  disposed  of 
nominally  as  a  free  agent  Now  he  sells  wife  and  child.  He 
has  become  a  slave^ealer."  If  one  considers  the  number  of 
households  to-day,  where  the  children  are  the  only  breadwinners, 
there  seems  some  foundation  for  this. 

The  first  contention,  you  will  remember,  was  that  too  much  has 
been  going  to  the  class  that  least  deserved  it — the  non-workers. 
The  contention  I  have  now  been  explaining  is,  that  too  little  has 
hitherto  gone  to  those  whose  work  is  the  longest  and  dreariest,  if 
not  the  hardest.  One  could  go  much  further  than  this,  and  say 
that  hard  work  does  not  necessarily  deserve  the  highest  pay.  It 
might  reasonably  be  contended  that  congenial  occupations,  like  the 
professions  and  trades  that  require  varied  energv,  are  already 
paid  a  good  wage  in  the  happy  life  they  afiford,  and  that  the 
highest  wages  should  perhaps  be  paid  as  compensation,  to  those 
whom  our  social  system  condemns  to  do  the  dirty,  and  unpleasant^ 
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and  least  human  work.  Adam  Smith  thought  that  a  coal  miner 
deserved  high  wages,  but  that  was  in  the  18th  century,  and  the 
same  opinion  is  not  likely  to  come  again  before  the  20th. 

We  now  come  to  the  much  heavier  arraignment  of  Factory 
Industry  as  it  affects  the  life  of  the  worker.  And  here,  if  I  am 
not  mistaken,  there  is  more  undoubted  justification  of  Socialism. 

Is  it  always  good  that  man  should  be  replaced  by  machinery  1 

I.  It  is  good  in  so  far  as  it  cheapens  commodities,  and  gives  the 
consumer  the  benefit  of  low  prices.  Low  prices  are  by  no  means 
the  unmixed  blessings  they  are  usually  assumed  to  be.  When 
they  come  along  with  irregularity  of  employment,  there  is  some 
reason  to  suspect  a  relation  of  cause  and  effect  between  them. 
We  have  to  remember,  too,  that  the  channel  of  distribution  of 
wealth  to  the  people  must  be  that  of  wages — selling  labour,  not 
buying  goods.  But  so  long  as  wages  are  steady,  a  general  fall  in 
prices  is  one  of  the  most  beneficent  effects  of  machinery. 

II.  It  is  good  in  so  far  as  machinery  lightens  the  toilsome  work 
of  man — the  work  that  is  not  good  for  body  or  soul,  but  work  that 
must  be  done.  There  will  always  be  plenty  of  this  work  if  you 
consider,  for  example,  how  much  of  our  modern  civilisation 
depends  on  the  trades  of  coal-mining  and  explosives.  Anything 
that  releases  man  from  such  work  is  good. 

But  if  it  be  still  true,  as  J.  S.  Mill  said  in  1848,  that  '*  it  is 
questionable  if  all  the  mechanical  inventions  yet  made  have  light- 
ened the  day's  toil  of  any  human  being,''  it  is  evident  that  to  some 
extent  the  liberating  of  wealth  has  meant  the  enslaving  of  man. 
As  Emerson  said,  "  things  are  in  the  saddle  and  ride  mankind." 
In  binding  the  worker  to  a  heavier  life  of  toil  in  order  that  wealth 
may  be  produced  in  abundance  we  have  forgotten  the  old  warning, 
— "  the  life  is  more  than  meat." 

Unless  a  man's  business  is  such  as  he  can  put  his  whole  being 
into,  work  is  not  an  end  but  a  means.  It  is  an  education  and  a 
discipline  towards  living,  and,  of  course,  indispensable  to  it,  but  it  is 
not  life  itself.  Man's  birthright  and  his  end  is  to  realise  all  his 
powers  of  mind  and  body,  and  to  build  up  a  character  in  the 
action  and  reaction  of  the  spirit  on  its  conditions.  Anything  that 
checks  development  of  capacity  has  given  a  wrong  direction  to 
life,  has  subordinated  the  worker's  life  to  the  advantage  of  someone 
else,  has  made  man  a  means  and  not  an  end. 

But  the  factory  system  has  made  true  work  impossible  to 
immense  classes  of  people.     It  has  reduced  the  worker  skilled  all 
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round  to  the  worker  who  is  onlj  skilled  in  managing  a  particular 
machine,  and  so  has  taken  the  first  condition  of  art  out  of  the 
man's  life.  It  has  abolished  the  long  apprenticeships  that  used  to 
make  a  man  able  to  turn  his  hand  to  anything,  and  that  at  a  time 
when  it  is  necessary,  as  it  never  was  before,  that  a  man  should  be 
able  to  change  his  trade.  It  has  made  work,  consequently,  mono- 
tonous, and  forced  the  worker  to  violent  reaction  in  after  hours 
among  surroundings  that  make  healthy  recreation  impossible. 
It  has  condemned  the  many  to  life  in  the  city,  among  ugliness, 
and  foul  disease,  and  the  leprosy  of  crime.  It  has  taken  our 
country  lasses  from  the  village,  and  tempted  them  to  crowd  into 
single  rooms  unfit  for  human  dwelling.  It  has  forced  our  factory 
girls  to  live  in  conditions  where  innocence  is  impossible,  virtue 
difiicult,  and  early  marriages  indispensable.  Is  there  not  some 
reason  for  the  Socialist  contention  that  our  beautiful  and  refined 
life  of  the  West-end  is  based  upon  the  slavery  of  the  East-end? — no 
less  slavery  that  we  call  the  labourer  free,  and  give  him  the 
glorious  privilege  of  refusing  to  work. 

The  effects  of  factory  industry  on  women  are  not  sufficiently 
realised  by  their  own  sex.  Whatever  may  be  our  disputes  about  the 
limitation  of  the  ^here  of  woman,  we  are  all  agreed,  I  think,  that  her 
sphere  is  first  and  foremost  the  house^when  she  has  a  house  to 
look  after ;  and  that  she  need  only  look  out  for  other  spheres  after 
she  has  attended  to  this  one,  or  when  she  has  no  house  to  attend 
to.  Whether  the  life  of  a  factory  girl,  leaving  her  home  before 
daylight  and  returning  three  or  four  hours  before  bed-time,  is  a  good 
training  for  a  housewife  or  not,  is  open  to  question.  At  any  rate, 
there  is  no  getting  over  the  fact  that  if  children  are  to  have  any 
chance  of  healthy  life,  mothers  must  bear  them,  and  nurse  them,  and 
attend  to  them  up  through  the  early  days  of  childhood  at  least  We 
are  probably  all  agreed  that  mothers  should  only  be  employed  in 
factories  as  a  matter  of  mercy.  Perhaps  it  would  be  a  greater 
mercy  absolutely  to  forbid  it,  as  Mr.  Jevons  proposed,  rather  than 
that  some  of  them  should  be  driven  to  work  to  feed  their  starving 
children,  because  the  current  demand  for  work  is  not  demand  for  the 
husband's  work  but  for  unskilled  labour  and  cheap  labour.  It  is 
a  mere  question  of  supply  and  demand  after  all.  If  the  employers 
find  that  wives  are  claitouring  at  the  mill-gates  to  be  taken  on, 
and  will  work  at  any  wage,  they  will  be  taken  on ;  and  when 
men  are  thrown  out  of  work  it  will  represent  itself  as  a  kindness 
to  take  on  the  married  women  as  the  only  breadwinners.    But  we 


42  PhUoaophical  Society  of  Glasgow. 

go  too  fast  if  we  imagine  it  is  only  out  of  mercy  that  such  women 
are  taken  on.  In  a  speech  of  Lord  Shaftesbury  on  the  Ten  Hours' 
Bill  occurs  this  terrible  passage  : — "  Mr.  E ^  a  manufacturer,  in- 
formed me  that  he  gives  a  decided  preference  to  married  females, 
especially  to  those  who  have  families  at  home  dependent  on  them 
for  support ;  they  are  attentive,  docile — more  so  than  unmarried 
females — and  are  compelled  to  use  their  utmost  exertions  to  pro- 
cure the  necessaries  of  life." 

And  what  can  we  say  of  the  children's  labour  ?  Happily,  the 
horrible  things  that  were  done  by  employers  in  the  days  before  the 
present  Factory  Acts  are  impossible  now.  Perhaps  the  best  educa- 
tion in  Socialism  would  be  the  reading  of  the  Report  of  the  Children's 
Employment  Commission  in  1863-67.  It  is  almost  unbelievable 
that  little  things  of  three  and  four  years  old  should  have  been  pressed- 
in  to  work  in  brickfields ;  that  children  of  seven  should  have  walked 
twelve  to  fifteen  miles  daily  carrying  loads  on  their  heads;  or  have 
lived  night  and  day  in  match  fEictories,  whose  very  atmosphere 
was  poison.  It  is  as  unbelievable  that,  only  a  few  years  ago, 
gangs  of  children  and  young  persons  of  both  sexes  were  marched 
round  the  country  and  herded  at  night  promiscuously  into  one  or 
two  apartments.  Yet  these  things  were  done;  and  they  are  wiitten 
down  and  vouched  for  in  the  Blue  Books  of  the  British  Parliament; 
and  these  wrongs  were  perpetrated  by  our  fathers,  who  went  to 
church  and  thanked  God  they  were  not  as  other  men  are,  as 
piously  as  any  City  Bank  director.  And  when  we  are  told  that 
such  things  are  impossible  now,  and  that  the  Factory  Acts  are  old- 
fashioned,  I  hope  the  present  generation  will  have  these  Blue 
Books  read  to  them  from  every  pulpit  in  the  kingdom  instead  of 
morning  lesson — or  as  a  commentary  perhaps  on  Christianity. 

As  I  said,  however,  these  things  are  meanwhile  impossible,  but 
one  must  fairly  put  the  position  of  the  children  still.  We  persuade 
ourselves  that  to  work  half-time  does  no  harm  to  a  child,  and  that 
to  work  full-time  does  no  harm  to  a  young  person  after  the  age  of 
thirteen  and  passing  the  Fifth  Standard.  Well,  think  of  our  own 
children  of  the  upper  classes,  as  we  call  ourselves — an  expression 
very  much  to  be  deprecated.  There  is  only  one  thing  that  gives  a 
man  any  claim  to  call  himself  one  of  the  upper  classes,  and  that 
is  the  possession  of  the  higher  culture;  and  the  higher  classes, 
such  as  they  are,  possess  this  higher  culture  because  they  are 
able  to  remain  at  school  or  college  to  the  age  of  sixteen,  seventeen, 
eighteen,  and  twenty-one  years^  or  even  later.     What  education 
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does  a  child  gee  by  the  time  it  is  thirteen  t  It  has  not  begun ; 
it  has  scarcely  laid  the  foundation;  and  its  future  depends  on 
whether  it  goes  on  to  build  on  that  foundation  or  not.  However 
bright  the  child  is,  it  will  not  go  on  to  build  unless  it  is  compelled 
to  do  BO :  and  most  assuredly  it  will  not  go  far  if  it  is  working 
hard  from  six  till  six.  Who  could  expect  it?  It  seems  as  if 
we  had  to  open  our  eyes  very  much  wider  and  compare  life  in  the 
West-end  and  in  the  East-end  a  little  more  closely.  When  we  do, 
we  shall  probably  agree  with  Mr.  Mundella's  latest  utterance  that 
we  should  *^  rather  raise  the  age  at  which  a  child  should  work, 
protect  the  children,  and  train  them  physically  and  mentally." 

So  much,  then,  for  Marx's  critique.  If  it  is  not  a  justification  of 
Socialism,  it  is  at  least  a  powerful  arraignment  of  laissez  /aire. 
The  next  question  would  naturally  be :  What  is  the  remedy  that 
Marx  proposes  1  With  that,  however,  I  have  nothing  to  do  in 
this  paper.  One  thing  must  be  said  of  Marx.  He  was  no 
demagogue,  but  a  quiet-loving  scholar.  His  animus  was 
against  capitalism,  not  against  capitalists.  Throughout  he  took 
the  philosophic  view  of  the  continuity  of  history.  He  looked 
upon  the  evolution  of  capitalist  industry  as  an  inevitable  incident 
in  progress,  as  humanity  working  out  its  own  ends  in  the  calm, 
cruel  way  of  nature.  For  capitalism  was  the  natural  evolution  of 
steam  and  machinery.  It  had  to  show  all  that  was  in  it  before  it 
was  superseded.  It  has  done  great  things.  It  has  shown  how 
workers  can  live  and  perpetuate  and  multiply  on  half-a-crown  a 
day.  But  out  of  this  come  two  possibilities.  Either  the  worker 
may  support  himself  by  a  few  hours'  labour,  or  the  capitalist  may 
hire  him,  pay  him  his  half-crown,  keep  him  working  long  hours,  and 
sell  the  product  for  5s.  This  latter  possibility,  says  Marx,  has 
been  developed  first,  and  has  shown  what  was  in  it  by  the  accumu- 
lation of  wealth  in  the  hands  of  the  few,  and  by  the  wreck  it  has 
made  of  the  humble  worker  in  Great  Britain.  But  the  very 
greatness  of  its  success  is  bringing  about  its  fall.  The  growth  of 
wealth  caused  by  capitalism  will  soon  make  capitalism  impossible. 
At  first  it  put  the  worker  at  the  mercy  of  the  capitalist ;  now  it 
is  putting  capital  within  the  reach  of  every  worker.  Its  cruelties 
brought  in  the  Factory  Acts,  and  these  Acts  gave  the  workers 
leisure  to  combine  for  defence,  and  form  the  trades-unions  that  are 
gradually  covering  the  whole  field  of  labour.  The  wealth  it  brought 
made  life  at  a  very  high  level  possible  to  a  few,  and  the  few  coming 
to  understand  what  life  means  to  him  who  has  fair  conditions  are 
opening  their  eyes  to  the  wickedness  of  foul  ones.     Its  " necessary 
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wage "  broke  np  the  working  man^s  family,  and  sent  women  and 
ehildxen  to  wcsic  By  so  doing  it  has  raised  the  whole  question 
of  woman's  sphere  and  woman  s  work,  and  given  '*  a  new  econo- 
mical foundation  for  a  higher  form  of  the  family,  and  of  the 
relations  between  the  sexes." 

Capitalism,  as  an  historical  evolution,  has  thus  done  its  work 
positive  and  negative.  It  has  given  the  world  boundless  possi- 
bilities of  the  perfect  life,  but  in  developing  tendencies  that  are 
exclusive,  and  would  keep  this  perfect  life  within  reach  of  the  few, 
it  has  brought  us  towards  a  higher  form  of  industry. 

There  often  comes  a  time  in  the  career  of  nations  when  powers 
granted  in  simpler  days  for  the  common  good  are  found  to  have 
passed  into  vested  interests  and  sinecures.  They  are  often  de- 
fended, not  on  the  ground  of  history  and  prescription,  but  by 
appeals  to  justice,  natural  laws,  and  so  on.  But  when  a  nation 
awakes,  it  finds  that,  after  all,  the  safety  of  the  people  is  the 
supreme  law,  and  the  people  sweep  away  the  old  barrier  and 
sweep  over  it.  If  it  is  found  that  the  wealth  which  generations 
of  workers  have  handed  down  to  us,  by  some  historical  develop- 
ment has  got  into  the  hands  of  the  few  who  use  it  for  themselves, 
it  is  only  a  question  of  time  till  the  many  assert  their  claims  to  it. 
Compulsory  Socialism  is  perhaps  not  so  far  away  as  we  think.  If 
we  are  putting  equal  political  power  into  the  hands  of  every  man, 
while  three-fourths  of  these  men  have  nothing  to  lose,  but  every- 
thing to  gain,  from  an  overturn  of  society,  we  may  expect  an 
experiment  in  overturn.  If  the  majority  declare  for  a  "new  divide," 
there  is  no  question  of  right  or  wrong,  of  robbery  or  justice.  The 
minority  will  only  be  able  to  assert  their  rights  by  might.  The 
result  would  inevitably  be  the  swing  round  of  a  democracy 
to  a  tyranny — the  whiff  of  grape-shot  on  the  streets,  followed  by 
the  dictatorship  of  a  Napoleon.  It  would  be  wise  before  that 
time  to  see  if  there  is  not  something  wrong  with  our  present 
system,  and  if  there  is  not  that  in  Socialism  that  is  eternally  true. 

The  eternally-true  thing  is  that  we  are  all  members  of  the 
human  family,  and  that  it  is  a  family,  not  an  anarchy  of  com- 
peting units ;  that  society  is  an  organic  body,  ruled  by  a 
divine  purpose  to  a  divine  end ;  that  that  end,  we  may  safely 
say,  is  the  rise  of  all  men  to  the  highest  life,  the  life  of  cultura 
If  this  culture  can  at  present  only  be  attained  in  conditions  that 
belong  to  the  few,  it  lies  with  the  few  to  raise  their  fellows  by 
leading  them,  or — to  stand  out  of  the  way. 

It  is  impossible  that,  in  a  world  where  the  Christian  idea  is  in 
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the  air,  the  present  system  of  distributing  wealth  can  be  thought 
permanent.  Civilisation  demands  a  better  apportionment  of  work 
to  capacity,  and  of  wages  to  work. 

There  are  two  ways  in  which  this  problem,  now  pressing  upon 
all  thoughtful  persons,  may  be  solved.  Carlyle  pointed  out  the 
one  way  long  ago,  in  his  stirring  words  addressed  to  the  Captains 
of  Industiy.  They,  he  said,  were  now  the  only  aristocracy,  and 
to  them  the  people  must  look  for  leading  and  organising.  Work 
must  be  regimented,  chivalried ;  masters  and  men  bound  together, 
not  by  cash  payments  only,  but  by  honour  and  loyalty,  with  due 
share  of  the  varying  reward  secured  to  all  the  workers.  How 
would  mere  red-coated  regiments,  to  say  nothing  of  chivalries, 
fight  for  you,  he  asked,  if  you  could  discharge  them  on  the 
evening  of  the  battle,  on  payment  of  the  stipulated  shillings — 
and  they  you  on  the  morning  of  it  1  All  human  interests  in  this 
world  have  at  a  certain  »tage  of  their  development  required 
organising,  and  work — the  grandest  of  human  interests — does  now 
require  it.  When  such  time  comes,  to  be  a  noble  master  among 
noble  workers  will  again  be  the  first  ambition  with  some  few ;  to 
be  a  rich  master  only  the  second ;  and  by  degrees  we  shall  again 
have  a  society  with  something  of  heroism  in  it,  something  of 
heaven's  blessing  on  it. 

The  other  is  the  way  of  Socialism — restraints  put  on  unlimited 
competition,  the  organisation  of  industry  recognised  as  the  chief 
function  of  the  State.  It  must  be  remembered  that  we  have  for 
some  time  entei*ed  on  State  Socialism  in  such  things  as  the  Post  Office 
and  Telegraphs,  Irish  Land  Bills,  and  so  on.  It  is  likely  that  the 
State  will  be  asked  to  go  much  further.  Practical  politicians  even 
now  are  considering  the  nationalising  of  great  natural  monopolies, 
as  railways  and  banks.  But  of  schemes  of  Socialism  there  is  no 
end — ^from  that  of  Bodbertus,  who  thought  it  would  take  500 
years  to  nationalise  capital,  to  that  of  the  anarchist,  who  thinks 
it  could  be  done  by  making  a  clean  sweep  of  the  present  capitalist. 
There  is  just  a  chance  that  it  may  be  tried — and  be  attended 
with  most  unhappy  failure — ^if  increasing  irregularity  of  employ- 
ment makes  the  lot  of  the  masses  more  unendurable,  the  flame  of 
revolution  throwing  a  fierce  light  on  human  sufferings  and  the 
enfranchised  workers  thinking  that  numbers  are  strength. 

If,  in  the  near  future,  we  do  not  take  Carlyle's  way  of  it,  if  the 
idea  of  the  responsibility  of  wealth  and  of  the  duty  of  organising 
labour  for  honour  and  not  for  reward,  do  not  take  hold  of  the 
richer  classes,  we  shall  have  to  prevent  the  revolution  by  leading  it. 
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I»  ^»*fTj  d'iZ/i.niLiffZit  of  Luznan  e^^^rt  the  tendency  of  tlie 
pf»3M:r.t  d^hT  u  towards  a  scientidc  treatment  ckf  the  sabject 
*>rt:^*:A\:.'j^  aU>i?i-t;on.  Facts  are  collected,  observations  are  curied 
'p:^  3u:,'m  ikz,  a(Vfir.pt  is  made  to  deduce  general  lav^  and  principles 
\'/r  in\\T*:  ;r:i>iAr.ce.  In  physical  and  natnral  science,  thousands 
*A  '^J  j^:.\  wo.'kfrrs  are  to  be  found  who  devote  their  lives  to  the 
*^;  -*  *r..'>Tr,fT.t  of  a  Mnall  department  of  knowledge,  but  there  are 
\fcv  vry/  f:fii,\\'\t^  the  conditions  of  the  elevation  of  human  life 
u,%fH  ',::,'/, •r*^:^  than  the  solution  of  a  scieutinc  problem.  In  the 
t\,*/^,tA,tfii  iA  vjfrial  and  economic  questions  people  often  content 
t/^^-r/.^/rjreH  with  the  eicamination  of  details  and  seldom  recognise 
Vtt^,  *''  thfi  TfjfA,  of  the  difficulty  is  not  so  much  in  our  methods  of 
iri'/tfj^i^  S1A  in  those  in  education,  in  the  broadest  sense  of  the 
U^nu.  Fr'^luction  i»  at  fault,  but  it  is  the  production  of  human 
\t*^'ui'/%.  The  fundamental  wrong  is  in  allowing  large  classes  of 
\/ti^f\fU*,  Uf  ^row  up  with  so  poor  an  education,  physical,  mental, 
and  inoml,  that  tliey  are  unfit  for  intelligent  and  energetic  work.*'  * 
iUuf'jmily  we  have  heard  a  great  deal  about  the  necessity  for 
unprovtal  T#jchnicjil  Education  as  a  remedy  for  many  of  the  evils 
frfftn  which  nfydfXy  in  at  present  suffering,  but  almost  every  speaker 
or  wnU'T  M'jMitH  U)  look  at  the  subject  only  from  his  own  point  of 
vi<;w^  iind  failK  to  nee  that  this  part  of  education  "is  most  difficult 
i/t  trffiif  ifxcifjit  in  relation  to  the  general  educational  system,  and 
fh/fi  w\mi  \h  wanted  is  a  general  and  statesmanlike  attempt  to 
nt'unu'vM*,  tin?  whole  of  the  middle-class  education  of  the  country."  t 
In  i\m  following  reniarkK  on  the  Technical  Schools  Act  and  some  of 
tiM  rcUiiUtUH  Uf  i;h;nientfiry  and  higher  education,  I  will  endeavour  to 
]itH*\t  wirn<i  of  jiH  wider  l)earings  in  view,  and  will  not  enter  on  the 
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discussion  of  details  of  methods  or  arrangements,  as  these  must 
vary  considerably  according  to  the  requirements  of  different 
localities. 

In  no  department  of  legislation  have  we  more  right  to  expect  a 
scientific  treatment  of  the  subject  under  discussion  than  that 
relating  to  education;  but  when  we  review  the  history  of  educational 
l^islative  enactments,  especiaUy  during  the  last  thirty  years  or 
80,  we  are  struck,  not  only  with  the  way  in  which  the  fundamental 
ideas  which  underlie  all  education  have  been  ignored,  and  with 
the  absence  of  scientific  methods,  but  also  with  the  persistent 
demands  of  Government  departments  for  methods  which  are 
unphilosophic  and  unscientific.  Before  the  days  of  codes  and 
syllabuses  there  may  have  been,  and  doubtless  there  was,  a  great 
deal  of  very  inefficient  teaching,  but  at  the  same  time  there  was 
at  least  freedom  for  a  good  teacher  impressing  his  individuality  on 
his  pupils  and  imbuing  them  with  his  love  of  learning.  Now, 
however,  all  is  changed,  and  a  great  part  of  the  work  of  education 
is  entirely  a  matter  of  statistics.  The  teachers  are  compelled  to 
study  the  idiosyncracies  of  examiners  and  the  peculiarities  of  codes 
and  syllabuses,  and  they  are  not  free  to  assist  in  the  mental  and 
moral  development  of  their  pupils  in  the  best  manner  possible 
The  system  of  what  is  called  "  payment  by  results,"  and  which 
exists  in  no  other  country  in  the  world  besides  Britain,  was  introduced 
by  a  statesman  who  despised  everything  which  could  not  be 
measured  by  a  foot-rule,  and  estimated  in  pounds,  shillings,  and 
pence ;  and  it  could  only  have  been  continued  in  a  country,  so  long 
as  it  has  been  in  this,  where  commercial  methods  of  looking  at 
things  have  obscured  the  judgment  in  higher  matters.  Since  its 
introduction  every  true  teacher  has  protested  against  the  system, 
and  I  have  never  heard  of  any  one  deserving  the  name  of  educa- 
tionist or  statesman  who  defended  it  on  any  other  ground  than 
that  of  convenience.  No  reasonable  man  would  object  to  payment 
by  results  if  it  were  possible  to  measure  the  results,  but  in 
education  the  attempt  is  made  to  measure  the  immeasurable.  The 
man  who  makes  passes  to  the  extent  of  99*9  per  cent,  may  be,  and 
very  likely  is,  a  less  conscientious  teacher  than  he  who  only  gets 
90  per  cent,  for  education  is  not  to  be  measured  by  a  mechanical 
knowledge  of  the  three  Bs,  nor  by  any  number  of  passes  in 
specific  subjects,  or  in  those  of  the  South  Kensington  or  any  other 
syllabus.  It  is  not  simply  a  process  of  pumping  information  into 
the  students,  it  is,  as  I  have  pointed  out,  a  drawing  out  of  their 
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powers,  a  development  of  their  mental  facolties,  of  their  physical 
constitutions,  and  their  moral  natures.  How  the  amount  of  this 
development  is  to  be  measured,  at  least  in  such  a  way  as  to  give 
a  basis  for  the  teacher's  salary,  I  have  never  heard  any  man 
attempt  to  explain. 

It  is  not  my  intention  at  present  to  enter  into  a  detailed 
criticism  of  our  educational  methods,  but  there  is  one  other 
point  which  must  not  be  omitted,  and  that  is  the  effects  of  those 
methods  on  the  health  of  the  scholars.  A  committee  has  been 
investigating  this  subject  in  Manchester,  and  in  its  report  I 
find  the  following  sentence : — '*  As  a  result  of  the  discussion  that 
has  taken  place  during  the  past  few  years  on  the  question  of  over 
pressure  of  school  children,  and  the  special  inquiries  arising  out  of 
it,  an  amount  of  suffering  on  the  part  of  tlie  children,  previously 
unsuspected,  has  been  revealed."  There  can  be  little  doubt  that 
the  amount  of  over-pressure  now  existing  is  having  a  disastrous 
effect  in  many  cases,  and  scholars  leave  school  with  all  the  energy 
washed  out  of  them,  and  with  an  intense  disgust  to  everything  in 
the  way  of  study,  and  they  drift  along,  listless  members  of  society. 

The  following  extract  from  a  leading  article  in  the  Scotsman 
gives  sound  advice  regarding  our  present  educational  position : — 

"  In  ordinary  circumstances  it  would  be  unnecessary  at  this  early  date 
to  remind  the  public  that  the  triennial  School  Board  elections  take  place  in 
April  next.  But  the  circumstances  will  this  time  be  exceptional.  A  new 
question  will  have  to  be  dealt  with — almost,  if  not  quite,  the  meet  impor- 
tant question  that  has  come  up  since  the  Boards  got  fairly  into  working 
operation;  and  it  is  time  that  intending  candidates  and  the  ratepayers 
generally  were  beginning  to  have  ideas  on  the  subject.  The  Technical 
Schools  (Scotland)  Act  will  come  into  effect  as  soon  as  the  elections  have 
taken  place,  and  it  will  be  the  duty  of  the  new  Boards,  under  the  guidance 
of  the  Scottish  Education  Department,  to  organise  and  put  in  operation 
the  new  system  of  instruction  which,  it  is  hoped,  will  then  be  established. 
First  of  all,  however,  the  ratepayers  will  have  to  discharge  the  responsi- 
bility of  determining  whether  they  will  have  technical  schools  or  not. 
There  has  been  a  long- continued  and  apparently  earnest  cry  for  technical 
education.  Now  we  have  got  the  Act,  the  new  School  Boards  will  have 
the  power  of  carrying  out  any  mandate  on  the  subject  which  they  may 
receive  from  the  ratepayers.  Without  a  mandate  they  may  do  nothing, 
however,  for  the  Act  is  permissive.  It  does  not  attempt  to  force  technv^al 
schools  on  unwilling  ratepayers.  It  takes  for  granted  that  the  cry  for  such 
schools  was  sincere,  and  it  simply  gives  to  the  ratepayers  the  power, 
through  the  Boards,  to  establish  them  wherever  they  are  wanted.  Here, 
then,  is  the  first  question  which  the  ratepayers  in  every  parish  and  burgh 
must  determine  for  themselves  between  this  and  April.     Now  that  they 
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haTO  got  the  Act,  will  they  have  the  schools,  or  will  they  refase  to  establish 
them  ?  The  great  body  of  ratepayers  will  have  to  consider  and  decide  this 
question ;  but  in  this,  as  in  most  matters  of  public  interest,  the  decision 
will  be  greatly  influenced  by  local  leaders  of  opinion.  A  grave  duty  and 
responsibility  will  rest  upon  educationists  and  all  public-spirited  persons 
who  have  given  attention  to  this  question,  and  understand  the  need  there 
is  for  technical  training,  if  this  country  is  to  retain  its  ancient  pre-eminence 
in  manufactures,  in  the  industrial  arts,  and  in  commercial  enterprise. 
They  must  educate  the  ratepayers.  It  is  time  that  they  were  setting  about 
the  work.  It  might  be  a  fatal  mistake  to  assume  too  easily  that  the  rate- 
payers generally  will  be  eager  to  start  technical  schools,  or  that  there  will 
be  no  serious  opposition.  For  the  national  credit  it  is  to  be  hoped  there 
will  not  be  serious  opposition.  A  more  patriotic  work  could  hardly  be 
undertaken  than  the  one  proposed.  The  establishment  of  a  good  system  of 
technical  education  will  be  of  moi-e  value  to  Scotland  than  any,  pei'haps,  of 
the  political  measures  which  are  under  discussion.  Still  there  may  be 
opposition,  and  as  technical  schools  cannot  be  had  for  nothing,  there  may 
be  resolute  opposition  from  all  the  class  of  penny  wise  and  pound  foolish 
philosophers.  A  haphazard  policy  may,  however,  be  more  foolish  and 
wasteful  than  injudicious  niggardliness,  and  it  will  be  the  duty  of  those 
who  work  for  the  establishment  of  technical  schools  to  consider  well 
beforehand  how  the  schools  are  to  be  carried  on,  and  how  they  are  to  be 
supported,  so  that  they  may  be  able  to  satisfy  the  ratepayers  that  it  is  not 
an  expensive  luxury  that  in  proposed.  The  ratepayers  will  be  justified  in 
demanding  assurances  on  this  point.'' 

My  object  in  bringing  the  Technical  Schools  Act  before  the 
notice  of  this  Society  is  chiefly  for  the  purpose  of  inviting  the  co- 
operation of  the  members  in  assisting  to  guide  public  opinion  in 
the  proper  direction,  for  I  agree  with  what  is  expressed  in  the  fore- 
going extract,  that  a  grave  duty  and  responsibility  rest  upon  all 
public-spirited  persons  who  have  given  attention  not  only  to  educa- 
tional, but  also  to  more  general  social  questions,  for  it  is  as  absurd  to 
separate  education  from  social  and  political  economy  as  it  is  to 
separate  those  from  ethics.  We  ought  to  do  all  in  our  power 
to  impress  upon  our  legislators,  as  well  as  upon  the  local 
authorities  who  are  entrusted  with  executive  powers,  that  the 
best  constitution  of  society  is  that  which,  while  aiming  at  the 
greatest  good  of  the  greatest  number,  interferes  as  little  as 
possible  with  the  development  of  the  individual. 

It  follows  from  what  I  have  said  that  a  system  of  national 
education  should  be  founded  on  some  theory  of  the  province  of 
Grovemment,  and  the  proper  limits  of  interference  in  the  aflfairs  of 
the  peopla  We  may,  for  all  practical  purposes,  leave  out  of  account 
the  opinions  of  the  believers  in  the  extreme  doctrines  of  laissez- 
faire,  which  would  exclude  the  interference  of  the  State  alto- 
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g<^ih<»r|  and  those  of  the  Socialists,  which  would  have  everything 
d%\n«  l\v  the  State  The  modern  school  of  the  economists  seems 
to  Ih^  AU>ut  midway  between  these  two  extremes,  and  its  creed  is 
w^|\iv?<ont*Hl  approximately  by  the  principles  of  the  American 
K^vuvMuio  AsHDciationi  which  was  founded  a  few  years  ago,  with 
f>nu^ci»  A.  Walker  as  its  first  president.  Among  these  we  find 
tW  <\>Uoxriii|i:— (1)  "Wo  regard  the  State  as  an  agency  whose 
l^vMt^w  ^'^.N^i^^tnnoc  is  ouo  of  tlie  indispensable  conditions  of  human 
^**\>jit>\%«  :  {"2)  Wo  hold  that  the  conflict  of  labour  and  capital  has 
^MN^H^hf  iutv>  pmminonoo  a  vast  number  of  social  problems  whose 
«v\tut^.^tl  r^N^uirt^A  tho  unitod  oftbrt^  of  the  church,  the  state,  and 
v>f  «vk^u<v.''  With  rt\4p\ni  to  the  former  of  these  principles,  it  is 
v(uv^<»  fi^xxviout  that  it  hiw  Uh>u  adopts  in  a  great  deal  of  our 
Wv^HKt  W^tvt^tu\|\,  mid  tVw  will  be  disposed  to  dispute  its  necessity, 
?v^  Un<v<  ax  it  i*  applunl  in  a  fHtional  manner.  But,  "  the  postu- 
Uh^  xlut  n\tn\  ar^  )^tuu\a)  Unuc^  c\Mitinuallv  leads  one  to  draw 
\t\t\^vn\>^  whioh  ^xrv^x^t*  t\>  N^  oxtr^UH'ly  wide  of  the  mark,''*  and 
\u  nx^  \W\vA\1^uont*  \x(  hun>ax)  otfort  ha*  less  rea^n  been  displayed 
\iSm\  Ouv«*^  u^  x^  htoh  the  aid  \>f  the  J^ato  has  he^n  invoked.  On  the 
ysN',^^  K'%^>d>  *^>^'e  %>A)^n\M  \nxi»i*e  ttu^n  bv  Act  ^^  Pftrliament^''  has 
\v^Ns*v*o  A  >"\\  >x\i^  ?NMv,o  }vV,;tv«v,x  Wr,Soct  s^opfirjr  to  inquire 
Wa  w'v^V  un;;N  ^^^MV  ^\  u\  l^,;:^  y*:  d  ;hi"^re  is  just  so^ci^it  to 
^"'^Vv  ».*^'^,>>fc  ^^  ;^,  i,.,<  v,vn  *.^^^;^  ;;  V  t^'«^  w-^  he  dispoaed  to 
x^^  v^  ^^  ^^  A  *wi  M>?v>r,>  xN<  iA>fc-5Si  A:,d  ;RVo.^e  ^r«T«f«viioe  of  the 
^;%TV  m\^*  ,v,n.>>.v  ,^,s  ^vw.v^n  V,'A?  V.  :^-^"TVrf*r>."y\.  i:*f-:!i.  oi^xii  to  be 
^w  v,%\v  ^AA^N  >^K^v,  ^.1  »  ^^^^>•kVK  xr.  ; 'v-^  c*\^7«i5  ^vt^acK-e  manner, 

S,  V  N«  V  ^\  ^  »kx^,  V  .^v^is"*  v»u  \x  i  *v»  •  >  » ^,''1  iv  i*  "Ts-  y.'jTpQ^lf  in 
^  V  *  •  x»,^  vN  *,^  ox\vv\\»xs  ,'  •''v^i  *  v»v  w  .  -v  o"  .\^."MT  XL^bi  be 
^x\^  .     K    H  <%'*    ^   ^     sv»^v)    -I  Av.    nvw  v.^,wv-    ;.  JO.  n  wimid 

>i\vx^s.\%*  vK  ^x  kv\  ;'.»,■  ^\v»v,x»x  »v*v  «»-x,   »\\ '.'x,^;- *^  j*»^w»r«»ll'v  k«ip 

^  >.  *»s  ^  ,vxv.    ;*  \  V  ^       W  ,    V  >    -  x  .     K^    -.y^*  :x  'H  A.'  vr/in  t  is.  xibe 

><  ".'  vN    \  ^  s»Mx  >  x« '  )   \,   ,,.v  XI    •»    xfv   .•••.I.  ^  :^sf  "T.r  meui 
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production  and  consumption  of  money,  without  regard  to  the 
consequences  involved,  then  the  sooner  we  discard  political 
economy,  at  least  as  a  guide  for  legislation,  the  hetter.  The 
object  of  the  statesman  should  be  to  assist  in  bringing  about 
conditions  fiavourable  to  the  production  of  a  healthy,  virtuous, 
self-dependent^  and,  therefore,  happy  people;  and  anything  which 
interferes  with  that  object  should  be  ruthlessly  pushed  aside, 
whether  it  be  contrary  to  the  regulations  of  a  Government 
department  or  the  so-called  principles  of  political  economy. 

The  Technical  Schools  Act  is  a  specimen  of  patch-work  legisla- 
lation,  resulting  from  a  partial  view  of  a  much  wider  subject  than 
that  covered  by  the  Act.     There  can  be  no  doubt  that  a  great 
part  of  the  cry  for  improved  technical  education  has  been  made 
by  men  who  had  a  very  indistinct  idea  of  what  they  wanted ;  and 
now  that  we  have  got  a  Technical  Schools  Act,  I  have  not  met 
two  persons  who  have  the  same  notions  as  to  what  is  to  be  done 
under  the  powers  it  confers.     Personally,  I  think  that  practically 
nothing  will  be  done,  for  some  time  at  least,  beyond  possibly  a 
slight  extension  of  what  is  already  in  operation,  the  Act  being 
permissive,  and  the  great  body  of  the  people  being  of  opinion  that 
if  the  money  already  raised  were  more  judiciously  spent  it  would 
be  sufficient  to  meet  the  wants  of  the  case.     The  Chancellor  of 
the  Exchequer  evidently  shares  in  this  opinion,  for  in  the  dis- 
cussion  in  the  House  of  Commons  on  the  English    Technical 
Schools  Bill,  when  endeavouring  to  allay  the  fears  of  those  who 
dreaded  increased  taxation,  he  tried  to  show  that  only  4,000  boys 
a  year  could  take  advantage  of  its  provisions.     If  this  assumption 
be  correct,  a  simple  calculation  by  rule  of  three  gives  a  very  small 
number  of  probable  scholars  for  Scotland.     In  fact,  they  might 
all  be  accommodated  in  one  of  the  smaller  Board  Schools  of 
Glasgow.     I  further  think,  however,  that  it  is  a  mistake  to  have  a 
special  Technical  Schools  Act     If  we  reorganised  our  educational 
arrangements,  and  had  the  three  grades  of  schools  which  are 
universally  recognised  as  necessary  in  the  national  system — namely, 
elementary,  secondary,  and  higher,  and  had  property  constituted 
authorities  for  superintending  and  assisting  these  when  necessary, 
there  would  be  no  necessity  for  ticketing  the  various  schools, 
and  passing  special  Acts  of  Parliament  to  regulate  their  manage- 
ment.    As  in  a  modem  university  all  departments  of  learning 
should  be  encouraged  and  developed,  so  the  system  of  modem 
secondary  schools  for  any  district  should  have  departments,  either 
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in  the  same  or  separate  buildings,  which  would  lead  up  to  the 
university,  or  at  least  give  a  fair  education  to  all  classes  of 
students,  many  of  whom  would  not  proceed  to  the  university. 
There  is  no  necessity,  however,  for  attempting  to  mould  all  these 
institutions,  even  when  of  the  same  type,  to  exactly  the  same 
pattern.  As  much  freedom  as  possible  should  be  given  to  their 
managers  and  teachers,  so  that  individuality  and  originality  may 
be  encouraged  as  much  as  possible,  the  central  authority  merely 
exercising  sufficient  control  to  prevent  extravagance  or  waste  of 
energy  through  unnecessary  competition.  There  is  considerable 
difference  of  opinion  as  to  the  proper  bodies  to  which  the  manage- 
ment of  secondary  schools  should  be  committed.  I  am  inclined  to 
agree  with  Lord  Elgin,  when  in  his  recent  address  in  Glasgow  he 
proposed  that  these  bodies  should  be  representative  of  the  whole 
county,  and  not  simply  of  School  Board  districts.  The  secondary 
schools,  whether  for  classical,  commercial,  scientific,  or  technical 
education,  would  be  planted  in  those  districts  where  they  were 
required,  and  receive  such  assistance  as  was  absolutely  necessary. 
There  are  no  reasons,  however,  why  secondary  education  should 
not  be  to  a  large  extent  self-supporting,  and  the  a^istance  given 
should  not  be  so  much  in  the  way  of  direct  endowment  as  in  the 
supply  of  bursaries  to  bring  upthe  best  scholars  from  the  elementary 
schools.  Direct  endowments  too  often  induce  their  holders  to 
take  life  easily,  and,  except  in  the  case  of  men  of  recognised 
power  and  ability,  they  ought  to  be  avoided. 

The  elementary  schools  would,  I  suppose,  continue  to  be  man- 
aged by  the  School  Boards  as  at  present;  but  the  work  done  in 
them  during  the  day  should,  for  the  most  part,  be  confined  to  that 
part  of  education  which  is  compulsory,  although  in  the  evening 
classes  the  subjects  of  a  general  education  should  be  continued 
into  some  of  the  higher  departments.  In  large  towns  and 
populous  districts  this  arrangement  could  be  strictly  carried  out, 
but  in  country  districts  it  would  be  necessary  that  the  teachers 
•should  give  the  elements  of  some  of  the  higher  subjects  in  the  day 
classes,  as  the  old  parish  teachers  used  to  do.  At  present,  and 
especially  in  large  towns,  every  teacher  of  an  elementary  school  is 
ambitious  of  making  his  school  an  academy,  and  this  I  believe  to 
be  the  real  reason  why  matters  have  drifted  into  their  present 
position,  in  the  absence  of  a  definite  policy  on  the  part  of  the 
School  Boards.  The  ambition  is  very  natural  and  should  be 
guided,  not  extinguished ;  for  while  I  would  classify  the  schools 
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vact  a  dif  rrei.:  idraJ  a;fr  t-c  tii^  c-'*:  ^ect  of  edccation  froai  what 
is  vnuIiT  kept  in  Tiew — not  merfrlj  to  gei  on.  or  make  mooej^ 
or  feikpv  a  senteel  oocnpation,  bm  to  digniir  our  wj-rk.  whateTer 
it  maj  be,  and,  in  additicMi,  wtxthily  to  act  oar  part  as  citiacDS 
AubM  be  oar  aim. 

The  manac*eiDent  of  the  aniTersities  and  of  the  ooBc^es  asso- 
ciated  vith  them  vocld,  ci  oourse.  be  resied  in  the  UniversitT 
Gonta.  which  shooid  inciude  representatives  from  the  local  col- 
One  of  the  duties  <^  these  courts  would  be  the  mainten- 
of  a  laopci  standard  for  admission  to  the  classes ;  and  in  tbe 
Universities  Bill,  chieflj  in  response  to  the  denvuid  of  all 
ho  took  an  interest  in  the  siibieot,  the  Coiv.Tnis- 
to  be  appointed  under  the  Act  had  their  attention  speciallv 
directed  to  the  institution  of  an  examination^  either  on  entering 
the  tmirenBtj,  w  as  a  preliminaiy  condition  of  entering  on  the 


54  Philosophical  Society  of  Glasgow. 

course  of  study  for  a  degree  in  any  faculty,  or  of  both  such 
examinations.     The  University  of  Glasgow  has  recently  instituted 
an  entrance  examination  for  students  under  seventeen  years  of  age, 
and  those  who  fail  to  pass  it,  while  they  are  permitted  to  attend  any 
of  the  classes  in  the  curriculum  of  arts  for  purposes  of  instruction, 
such  attendance  does  not  qualify  for  graduation,  nor  entitle  a 
student  to  receive  a  public  certificate  of  attendance.     The  exami- 
nation is  conducted  by  two  special  examiners,  acting  in  conjunction 
with  the  professors  in  the  faculty  of  arts.     I  cannot  express  an 
opinion  on  this  examination,  as  I  have  had  no  opportunities  of 
judging  of  it,  but  I  think  the  following  sentences  by  Professor 
Chrystal,  of  Edinburgh  University,  are  well  worthy  of  considera- 
tion.    Speaking  of  a  leaving  examination  for  secondary  schools, 
he  says  r- Perhaps  the  most  important  object  of  a  leaving 
examination  is  to  set  a  minimum  standard  for  the  highest  work 
of  the  secondary  schools,  and  to  mark  to  some  extent  the  boundary 
between  their  province  and  that  of  the  universities.     This  standard 
must  be  so  high  as  not  to  discourage  progress  in  our  best-equipped 
schools,  and  yet  not  so  high  as  to  snuff  out  the  too  many  schools 
in  Scotland  that  are  as  yet  inadequately  equipped  to  meet  modem 
requirements.     Some  have  thought  that  an  entrance  examination 
conducted  at  the  universities  would  better  answer  the   above 
object.     My  experience  has  taught  me  another  lesson.     I  believe 
that  the  force  of  circumstances  would  speedily  lower  the  standard 
in  any  university  examination,  not  merely  to  the  level  of  our 
poorest  secondarj'  schools,  but  lower  still — namely,  to  the  level  of  the 
teaching  of  special  subjects  in  the  primary  schools,  many  of  which 
are  at  present  actually  doing  the  work  of  secondary  schools  in 
large  towns,  where,  if  our  educational  machinery  were  properly 
co-ordinated,  there  is  no  need  for  them  to  undertake  any  such 
function.     To  stereotype  by  official  sanction  any  such  standard 
for  university  entrants  would  be  disastrous,  not  only  for  secondary 
schools  properly  so  called,  but,  in  the  end,  for  the  universities 
themselves."*    In  my  opinion  such  an  examination  as  is  indicated 
in  these  sentences  should  be  under  the  control  of  a  body  not 
directly  interested  in  the  pecuniary  success  either  of  the  secondary 
schools  or  of  the  universities,  but  which  had  a  general  interest 
in  both,  and  such  a  body  is  to  be  found  in  the  Scotch  Education 
Department ;  and    I   trust  that  the  leaving    examination  for 
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SBOQiidarT  fichDOH>  'vriL  hihil  became  &  itRmumm';  ioiTianitiniL 
Tfak  exasonatiaD  nhnntri  tie  sncL  xtxaz  kl  ^verafft  hor  at  sb:»iei& 
'viko  bs^  «!ane  tbromrL  u  T^cuias-  conrw  siinuic  tik^e  iir>  diiLrtihT  in 
janfTTTic  iu  Aita  xiif^e  iOinojc  be  raii^af*Ti>:iif  ii«tjnid«  ir.vfi.  xc-  the 
sdiolar&  in  tbe  clioioe  of  tiie  sii'Mf'.r'ii^  Tiiat?  oiiivf-rreuf^  I  iz^- 
^ade,  of  ooorae.  oulieerefc^  for  ajmiific  science:,  or  lAchmcfti  ccklif^«e&. 
as  tber  arf  nsohllj  ciJi^d,  af^  xiieae  sre  aes^tnif^  u  be  mtportknt 
parts  of  xhe  Tnii^ersnifS"  of  itie  fui.iira  'Wiiei:  we  aj^  vniiin 
aghi  <£  a  rBaBaD&tiie  sBixiemem  of  xiie  qufiRcioz)  as  reiru'ds^  tbe 
older  bruiches  of  ksam^Ttg  vf  mxiBi  x&ke  evrt  rhasL  no  oon^:t3an& 
aiv  ^Ade  wiiich  in^iade  xhe  profrreaE^  of  i^  npwe7. 

Xot  cmhr  febocid  our  f^ncaiacmiJ  systfim  bkve  bemi  reaiTKiU!«d 
beiare  the  Tec^iiicaj  Scboctk^  An  "vrai-  jubsed.  or  e-ret  inc}iio<^  in 
jk  mofe  generaJ  measiire^  Ion  tije  scrofvt  of  'viiat  is  ns^uC^T  ctujed 
*•  free  edncaxion '"  fcbotid  have  l»e*!n  carer ::l:v  consiaf^rwL  A 
great  miij  of  tlie  Socvtch  Mf!ZLbeT£>  of  Fu*}iajnent  aiY  in  iarofor 
of  &Be  ednca-tknu  bug  in  so  £u*  as  aduc&tacfn  is  cinmj<cJsorr  I  would 
fiBppoit  tike  projiosaa  xLsn  no  fees  be  chhTSf^  Yia^  laay  aeean  a 
Tioladan  of  tbe  pix>TisD  I  m&de  &'»c*iii  Stare  ix^terriention,  bnt.  as 
I  hare  said,  all  soc-h  matters  sLonid  be  oeciaevi  bj  an  appeal  to  th^ 
concrete  conaiuons  of  bmnaji  life.  I  CAUiat  enter  into  a  f&U 
discosaon  of  tbis  scti^ert,  Inai  wiiHe  re«>:T-i5iiii:  tbat  it  wou'jd  be 
highly  dcsiralOe^  if  it  were  pcssdbje,  that  each  parent  sbouid 
oontiibote  directly  to  tbe  expense  of  his  cLLdren  s  eduoation^  so 
that  indiTidoal  re^x«isit>LatT  mi^Lt  le  incT«ASt>d.  when  we 
remeniber  that  a  laT^e  part  of  all  the  expenses  of  ch. id ren  attend- 
ing  Board  Schools  is  already  j^d  by  grants  from  the  Imperial 
Treasory,  that  a  great  part  of  the  time  of  the  teachers  is  taketi 
up  with  the  collection  of  fees  and  the  statistics  connected  therewith, 
that  it  is  only  the  most  worthless  of  parents  who  get  the  fees 
remitted,  while  the  honest  and  independent  pinch  themselves  and 
their  children  rather  than  receive  the  pauper  s  brand ;  in  shorts  when 
we  put  the  disadvantages  against  the  advantages  of  the  present 
system,  I  have  no  hesitation  in  saying  that  the  former  outweigh 
the  latter.  This  opinion  is  now  being  reached  by  many  men  who 
study  educational  questions,  and  some  of  the  politicians  who  tako 
a  special  interest  in  such  questions,  who  a  few  years  ago  op|>osed 
finee  education,  are  now  strongly  in  favour  of  it  The  late 
Professor  Hodgson,  in  one  of  his  letters,  said — "  I  need  scarcely 
say  that  I  go  heartily  with  you  in  refusing  to  hold  poor  children 
reqKmsible  for  their  parents'  vices,  and  to  allow  them  to  sufler  on 
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that  acconnt  more  than  t$  inevitable.  Let  us  all  do  oar  best^  and 
still  their  saffering  will  be  only  too  severa  But  the  real  question 
is — ^What  is  the  interest  of  society  in  this  matter  ?  With  that  I 
believe  that  social  duty  exactly  coincides."  To  another  corres- 
pondent he  wrote — "  By  the  abolition  ci  fees  a  vast  amount  of 
trouble  and  complication  is  saved,  while  compulsory  attendance 
is  vastly  facilitated.  There  is  no  more  charity  in  the  matter  than 
in  the  supply  of  water  or  gas  to  a  town.  Every  one  pays  for 
water  according  to  his  means,  and  all  share  in  the  common  benefit. 
Gas-light  in  the  streets,  or  protection  by  the  x)olice,  is  not  of  more 
common  interest  than  is  tiie  supply  of  schooling  to  the  children 
of  the  community.  The  fees  now  cover  but  a  small  part  of  the 
total  cost,  and  the  balance  of  advantages  seems  to  me  strongly 
against  them.  The  grand  aim  must  be  to  make  schooling  abso- 
lutely universal,  and  to  sweep  away  the  notion  that  the  benefits 
of  instruction  are  obtained  only  by  the  individuals  subject  thereto. 
It  is  your  interest  and  mine  that  all  should  be  taught,  and  not 
merely  our  own  children." 

If  fees  were  abolished  for  that  part  of  education  which  is  com- 
pulsory the  schools  would,  of  course,  be  as  free  to  the  rich  as  to 
the  poor ;  but  if  social  pride,  caste  feeling,  or  religious  belief  pre- 
vented any  one  from  taking  advantage  of  thetn,  he  would  be  at 
perfect  liberty  to  send  his  children  to  a  voluntary  school,  if  that 
were  open  to  proper  inspection.  As  a  matter  of  fact,  the  social 
difficulty  would  not  intervene  to  any  great  extent,  at  least  in 
towns,  because  these  might  be  mapped  out  into  school  districts, 
and  the  children  of  those  districts  would  have  the  first  claim  to 
admission,  and  the  social  position  of  the  scholars  would  be  simply 
that  of  the  district  in  which  tliey  lived.  Tlie  present  system  of 
grading  the  schools  by  means  of  the  fees  is  altogether  wrong  in 
principle ;  the  State  should  not  accentuate  and  perpetuate  caste 
feeling,  although  if  free  schools  be  adopted  it  will  be  bound  to 
give  the  same  facilities  to  all  classes  for  obtaining  a  good  elemen- 
tary education  within  a  short  distance  of  their  places  of  resi- 
dence. At  present  it  is  not  so  much  education  as  a  special  kind 
of  school  which  is  compulsory.  The  well-to-do  may,  in  the  event 
of  free  education  becoming  law,  be  required  to  pay  a  little  more 
than  they  do  at  present,  but  that  would  simply  be  a  further 
recognition  of-  the  fact  that  members  of  society  are  bound  to 
contribute  to  the  general  good.  Classes  which  accepted  the 
Elemontary  Education  Act,   and  the  Act  for  abolishing  toll- 
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bars,  which  placed  the  whole  charges  involved  on  the  rates, 
and  relieved  them  of  considerable  payments,  need  not  grumble 
if  the  same  principle  be  extended  to  other  matters  which  are  not 
so  much  directly  to  their  benefit. 

School  Board  action  has  drifted  far  beyond  what  the  promoters 
of  the  first  Education  Act  ever  intended,  and  far  beyond  what 
should  ever  have  been  allowed.  It  has  violated  the  principle 
which  I  ^ave  mentioned  as  that  which  should  limit  State  inter- 
ference— namely,  that  that  interference  should  only  take  place  for 
the  purpose  of  enabling  individuals  to  help  themselves  and  draw 
out  their  best  energies.  In  Scotland  it  has  to  a  large  extent  ex- 
tinguished voluntary  effort,  and  no  doubt  it  has  almost  crushed 
out  all  intention  on  the  part  of  the  wealthy  to  bequeath  money 
for  elementary  education ;  and,  combined  with  the  action  of  the 
code,  it  has  tended  to  mould  the  youth  of  the  country  to  a  uniform 
Grovemment  pattern.  All  this,  or  at  least  a  great  part  of  it, 
might  have  been  avoided  and  much  money  saved  to  the  ratepayers, 
if  voluntary  effort  had  been  supplemented,  instead  of  being  crushed 
outw  No  doubt  it  will  be  said  that  many  of  the  voluntary  schools 
were  bad  That  may  be  admitted,  without  however  admitting 
the  wisdom  of  extinguishing  them.  They  ought  to  have  been 
improved,  and  placed  under  conditions  in  which  it  was  possible 
for  them  to  continue  to  improve.  If  the  State  insists  on  a  certain 
minimum  of  education  in  certain  subjects,  it  has  a  further  right 
to  insist  on  all  the  teachers  being  properly  qualified,  and  the 
buildings  employed  for  school  purposes  being  of  a  suitable  nature, 
and  for  the  schools  being  open  to  public  inspection.  If  these 
conditions  be  satisfied,  then,  so  far  as  a  share  of  the  rates  or 
Imperial  grants  is  concerned,  these  schools  ought  to  be  treated 
in  the  same  manner  as  the  Board  Schools.  This  proposal  will  at 
once  suggest  the  religious  difficulty,  but  it  seems  to  me,  if  people 
will  put  tlie  in  selves  to  the  expense  of  building  schools,  and  if  they 
satisfy  the  conditions  laid  down  by  the  State  for  secular  education, 
the  State  has  no  right  to  interfere  further.  We  sometimes  hear 
it  said  that  in  Scotland  the  religious  difficulty  has  been  solved ;  as  a 
matter  of  fact,  it  has  been  shunted ;  and  like  all  social  problems  which 
are  not  fairly  faced,  it  will  reappear  when  the  consequences  of  the 
action  which  has  been  taken  have  had  time  to  make  themselves  felt 
During  a  recent  visit  which  I  paid  to  England  nothing  struck  me 
more  forcibly  than  the  great  growth  of  the  opinion  that  there  was 
more  in  education  than  was  dreamt  of  in  the  philosophy  of  School 
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Boarck.  ail  cccniciL  viLjiii  ^  xt^o^t  icr5i:r:^9a«i  bv  tke  latest 
report  oc  uifl»  F»iii-a~'.a  r  n.-n  ?^g.p»^r^  I  siczai.  BMveoTer,  a 
Tery  strocu^  i3Lpr%&sa:iL  .ul*:ci^  iviT'i'ia^zs  Az»i  fcrimeefs  that 
althooi:*!  j-z-tiz^  auHL  mrw  aaie  ij  'Litm  wjli  :iiz*ij«  cc  cerdficates^ 

tl^eT  we'j»*  lkrc»rlT  A-gT, r  :i  -ut*  -*."^^r  .c  az':»."«tz^  lieir  know- 

l*?ti^  And  in,  cr^r^.^'-  -j-  Ti^tt  i^..,-:^!-  Azii  Acc<Hi  i«xcrding  to 
the  nl>is  -f  A  •>:v*»r!i3««i-  r»rt«rBiii;iLZ.  .r  ^ie  xi*-:cok5  ol  their 
exaciinrrrs  oc  teau*ii»r.-^  W2.ir  3L»fn.  ir-i«:  rei-lx  T.^'^k  for  them- 
aelres  .ir  r* '^''^  cc  i*  ^jI^z  x  c?fu.-  i»:-j^  .f  vir^&s  ^  calJed  scientific 
or  teciiricui  edufcari-jc  cs  cc^c  x.irr*  r.cTn^  tbsiz.  li**  eld  dassical 
edaeido::,  and  it  will  ntri'ier  3Li^  btci^fr  izAinr-ti^Al  Ben,  nor 
improve  acvi^CT  .h:>  a  wb:i»*.  S\:wnjL>»  ahcws  ^ss  tiuM  development 
pnjcet?ds  &»:ci  ih»»  brdcvm.-rcw*  tc  ^-e  '2.«=-':er.\?rnrrcc&.  Ourednca- 
tiocal  icjetLi>i»  try  :o  ntT^irs*?  tS^  4zd  t^fn-i  lo  prcdnce  unifiannity 
ainocz  rh«r  ««::  •  lirs^  Th-^j  ^t«  >c:rn*£LJfcnr  to  z]i*t  mediocre  natures, 
whi'.i*.  'A  cc^iTae^  are  the  ai.st  :.*^zi«ir':«i<  A^d  pifcT  best ;  thej 
aiircr»Ae  ^zl-zs.  Aijd  l-rvel  ill  vLowTi  to  t>-e  a?cizLoniL»oe.* 

AfttiT  tli*  scznewLAt  ltr^h.T.  jLltlcc^'i  neojSisarT  introduction, 
we  maj  now  examii^'e  tLe  pc«:vi>i.:ns  or  t!.^  Ttjcnnicul  Sohocrfs  Act 
in  ord*rr  to  ste  if  we  can  citm.*t  il.-eir  SL-fieiin^  And  aa*>?nain  what 
Use  can  be  matlrr  of  tn-eoL  Al:l.oc^h  a  vx^nrl<rce  reorjranisation  of 
efi:i*.-Ati'^n  is  Li^^lv  drr^irA-.l-e,  ve>t»rd  i:.:er>?sjt  ^tb-At  grvat  enemy  of 
progresfci,  cLlss  prtjudivvsw  ij:norance.  And  apatliy  are  likely  to 
prev#;nt  a  s*^I:ition  of  the  problem  in  An\tnin^  Like  a  systematic 
niann#?r:  ar.d  instead  of  d^irivrAtely  ch«xx>L:  ^  t.ie  ri^ht  method 
we  are  likely  to  blunder  into  it  after  a  series  of  expensive 
mistakes.  It  is  necv^^^a^y,  theretore*  to  understand  as  clearly  as 
we  can  what  is  the  oljtvt  of  the  Act.  and  how  fcur  it  can  be 
mari«^  to  aid  in  the  development  of  evluoiition  in  the  proper  direo- 

•  EventA  and  public  opinion  move  very  nri».ily  at  the  present  time. 
.^ince  the  Above  was  written  I  see  that  the  Xacional  Union  of  Elementary 
Teachers  has  formulated  prt>po«als  not  only  for  getting  rid  of  the  system  of 
payment  by  resolts,  but  al^o  for  ntjli^inj  volantary  schools  in  the  manner 
I  have  suggested.  Moreover,  Lord  Randolph  Churchill  has,  within  the 
past  few  days,  declared  in  favour  of  free  education,  and  he  would  allow 
parents  to  choose  whether  their  children  should  be  eilucated  at  volontaiy 
or  Board  Schools,  these,  of  course,  being  uuoer  the  same  conditions  as  re- 
gards payments  of  grants  or  share  of  rates.  His  lordship  is  sometimes 
careless  about  facts,  but  be  deserves  credit  for  his  abdity,  and  courage  in 
forming  opinioos  of  hU  own  and  daring  to  express  them ;  and  when  we  find 
him  in  accord  with  extreme  members  on  the  opposite  side  of  the  Hoose  of 
Commons  on  any  question,  it  may  be  taken  for  granted  that  that  questioii 
is  very  nearly  ripe  for  settlement. 
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tion.  A  Scotch  Member  of  Parliament,  in  writing  to  the  news- 
papers a  short  time  ago,  said  he  was  of  opinion  that  the  Act  was 
not  only  premature,  but  also  bad.  As,  however,  he  thought  that 
the  people  of  Scotland  wished  to  have  it  passed  he  did  not  oppose 
it,  and  he  left  it  to  those  who  would  benefit  or  suffer  by  it 
to  judge  whether  they  would  adopt  it  or  not.  This,  to  say  the 
least  of  it,  was  not  a  very  worthy  part  to  be  acted  by  a  man  who 
ought  to  have  led  public  opinion.  But  it  represents  fairly  well 
the  state  of  that  opinion.  There  is  an  indefinite  idea  abroad  that 
something  ought  to  be  done,  but  what  that  is  few  have  taken  the 
trouble  to  think  out  for  themselves. 

If  we  turn  to  the  Act  itself  we  do  not  get  very  much  informa- 
tion which  is  likely  to  help  us  in  deciding  on  a  course  of  action. 
We  are  told  that  "  the  expression  technical  instruction "  means 
instruction  in  the  subjects  approved  by  the  Scottish  Education 
Department,  and  in  the  branches  of  science  and  art,  with  respect 
to  which  grants  for  the  time  being  are  made  by  the  Department  of 
Science  and  Art,  or  in  any  other  subject  which  may  for  the  time 
being  be  sanctioned  by  the  Department.  The  definition  of 
<'  technical  instruction ''  is  sufficiently  vague  to  include  anything 
whatever  which  is  an  advantage,  but  it  is  difficult  to  see  what  the 
approval  or  disapproval  of  the  Scotch  Education  Department  has 
to  do  with  making  a  subject  a  branch  of  technical  instruction.  I 
suppose  it  means  that  the  approval  of  the  Department  must  be 
obtained  before  any  subject  is  recognised  as  forming  part  of  the 
curriculum  of  a  school.  This,  no  doubt,  is  a  very  reasonable  con- 
dition if  it  be  exercised  in  a  reasonable  manner,  for  all  sorts  of 
eccentric  notions  would  be  carried  out  unless  there  were  some 
central  controlling  power ;  but  if  the  Scotch  Education  Depart- 
ment attempts  to  arrogate  to  itself  the  dictation  of  the  subjects  to 
be  taught  in  the  different  parts  of  the  country,  and  the  methods 
of  teaching  them,  that  must  be  resisted,  and  the  people  of  the  dis 
trict  allowed  a  large  amount  of  freedom  in  their  selection.  I 
will  not  discuss  the  dual  administration  of  the  Scotch  Education 
Department  and  the  Science  and  Art  Department,  but  Lord 
lingen,  who  has  had  long  experience  of  such  matters,  in  a  dis- 
cussion in  the  House  of  Lords  pointed  out  that  difficulties  are 
certain  to  arise.  The  point  which  I  wish  to  emphasise  now  is  that 
the  decision  as  to  what  constitutes  technical  education  is  likely  to 
a  large  extent  to  be  thrown  on  the  people  of  the  districts  where 
the  Act  is  applied,  and,  as  the  most  indefinite  notions  exist  on  the 
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«u(\)t»(^(i  WD  HiXtk  Murtt  U»  liiiVtt  great  varieties  of  practice.  Hie  ideas 
%^  iimiijf  am  UcmiMltul  by  h  lit  tin  tuanual  training  with  workshop 
UhUm,  fM*  ill  ihti  tt|iiMit«iitH  of  a  k|H^cial  trade;  others  insist  on  theory, 
ami  ikay  tliiM  tlio  workshop  is  the  place  for  practice;  and  in  both 
\VM'«i^  tim  ol\|iH>t  kttpi  in  vit^w  IN  not  80  much  tducalion  as  tfislruo- 
l«i»i^  N^tili  iMi  iniMiiito  iilm  that  thereby  they  are  doing  some- 
ihihK  \\\  HXtMi  \\\K\  o\iU  of  Ui>nuan  competition*  The  Germans, 
li\^\^\Am\  «ui»  ^thor,  (or  \^lu)o  attending  to  technical  education, 
\ho\  lm\v«  iuMiMt^l  oo  ^"xMuMul  (Hiuoation  being  good  and  thorough, 
4tu\(  Imvo  h^MU«Hl  ihv^ir  »it'hi4ai^  as  thinking  beings.  Matthew 
Aio\v)^l,  \\\  Ku  iv«vot  iv|vrt  on  Ufi«iraian  schools,  says  he  found 
Ko^^v^U  \>uoUji  \\\  liu  oolfVD  ^^the  oiiiklrMi  are  human."  With 
^N  ^>^  <^  U));^^  i^\i<voi>  t)io\  aiv  uxor«»  machines  for  grinding  out 

\\  ^\^^  ^o^|\u)v  >^Uai  oUxm'^^  «^'  «ivK)<<«ts  ;t^lKMikl  rBoeive  technical 
%\iM>\A^^«MV  >x\^  *%^x^  ^%Un  u^oi  >h\Ux  A  ^i^xv^i  x*ntny  of  opinion.  Some 
^'  u^k  W  \s\\^\K  9>v  Uv.n  M\  f  V  «\v;;io^..;4ax,  t\ihers>  in  the  secondary 
vM  i.\sN>>  ^>)^sO,v  \x!..H^  Ua^  v.'K^  <'v.u.«>4aa^  admirers  are  of 
v^^^.voH^  ^Um  \t  x:us;,>i  |v;v,s>M)v^  A  ^  ^^n>r  M^  ot  cpinioQ  that  the 
>K>M^H^^'AS  H>s\^o\v  v^svvi  .%w,-.,iN».'*,  %J...»^  i^iSrt^  WTSje  that  the 
s^.. .,  ^>.  i>  .>>»  s\|  ^',^  v^^^^r^^'x  A>A  4..V  »«»w>:w  oc"  ;T>£ti>4iy  are  the 
s\i«,  »>^»  ^v,  ,s,.  ^^sv^N^,  \  ,,,;^,  4.  <  vxK      *,'•»,»>«  ».  a  4L"'^<fc-T.  <£  troth  in  all 

^Nvw  ^^^.  '>V>s   ^*^4   «'s*    >*  w    «   ,:i    j^^»t.c^  <  *-o*^*;.h.:;£  XtiiX  !£>  written 

V ',N*  ♦  nS'\\  ^v  «..  <,v'*,vM>.  jv  ix,v  ,^»,»w  •**  vi-'t 'vv*  Xrt  ociiT  have 
^  *N  ys\>A  «,"*»  <«  is  >v,^«  .    s»»4  <X4  >^  >^  vvw.  *j>  41  4J«J  ii»iw4«"  c€  tcch- 

\  »»vv  V  .<»«    j\  .\«  NM.\  *         'v     .x". -^x.         '•'.>>  '.u     ^-^uw^wuiu    lias 

».»... ..V    . -.   •w.>^..-"v   ^      ., .    *.it.  .  >^  ,  ^    \«  .,•  •         li   riiMit  "V"!!* 

»-•*■'  •.      ^      >>     ".    •>v     •  «         .  ^<  ..?-><  ;>«        ^iin 
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education '  may  be  understood ;  not  that  education  shall  be  made 
subservient  to  industrial  success,  but  that  the  acquisition  of 
industrial  skill  shall  be  a  means  of  promoting  the  general 
education  of  the  pupil ;  that  the  education  of  the  hand  shall  be 
a  means  of  more  completely  and  more  efficaciously  educating  the 
brain.  It  is  in  this  latter  sense,  in  which  labour  \&  regarded  as  a 
means  of  mental  development^  that '  industrial  education '  is  under- 
stood by  the  most  enlightened  of  its  advocates.  They  are  well 
aware  that  to  introduce  a  trade  into  the  school  is  to  degrade  the 
school ;  that  to  take  away  from  the  young  the  time  that  should 
be  dedicated  to  the  elements  of  general  culture,  and  devote  it  to 
training  them  in  a  special  aptitude,  however  useful  later  on,  is  to 
impair  the  humanity  of  the  child.  They  desire  nothing  of  this 
sort,  and  they  ask  that  a  workshop  be  connected  with  every 
school  for  no  other  reason  than  that  for  which  a  chemical 
laboratory  is  connected  with  every  college.  There  are  thus,  two 
antagonistic  parties  whose  watchword  '  industrial  education '  has 
alike  become.  The  one  seeks  to  make  the  mass  of  mankind  more 
machine-like  than  they  really  are,  though  with  the  proviso  that 
they  shall  be  made  more  perfect  machines,  more  skilful  to  increase 
wealth,  and  to  feed  the  channels  of  the  manufacturer's  profits. 
The  other  party,  standing  at  the  opposite  pole  of  thought,  seeks 
rather  to  elevate  the  masses,  to  more  completely  develop  the 
humanity  of  the  young,  and  looks  upon  technical  and  art  educa- 
tion in  the  school  as  a  novel  and  admirable  means  for  achieving 
this  result."  This  latter  party  is  the  one  which  is  likely  to 
receive  the  support  of  all  who  have  studied  the  subject  in  its 
wider  bearings.  The  remarks  of  the  Secretary  for  Scotland, 
when  introducing  the  Bill  into  the  House  of  Lords,  might 
in  the  hands  of  an  enthusiastic  School  Board  be  taken  as 
snfieient  to  justify  the  inauguration  of  an  extensive  system  of 
apprenticeship  schools.  He  said  that  <4t  was  impossible  to 
forecast  the  advantages  which  a  Bill  of  this  kind  might  produce. 
It  would  probably  put  a  final  stop  to  the  system  of  apprentice- 
ship, but  the  system  was  already  dying  out,  and  it  was  in 
consequence  of  that  fact  that  this  Bill  had  been  found  necessary 
in  order  to  supply  the  thorough  training  which  the  apprenticeship 
system  was  calculated  to  give.''  In  former  times  the  tradesmen 
and  manufacturers  were  at  the  trouble  and  expense  of  training 
their  own  apprentices.  Some  now  seem  to  think  that  a  system 
of  technical  education  should  relieve  them  of  all  this.     I  do  not 
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mean  to  say  that  the  time  may  not  omne  vhen  sach  chai^ges  may 
be  borne  by  the  country  genendly,  instead  of  by  the  parties 
specially  interested,  but  I  do  think  we  are  still  a  considerable 
distance  from  that  time,  and  therefore  all  attempts  at  the  direct 
teaching  of  trades  at  the  expense  of  the  rates,  or  even  by  imperial 
grants,  should  be  discouraged.  State-supported  technical  instruc- 
tion should  simply  mean^  general  instruction  in  the  principles  of 
applied  science  and  art,  and  special  instruction  in  the  applications 
of  these  principles  to  particular  professions  or  trades.  This 
instruction  should  be  a  necessary  part  of  the  training  of  eTery 
apprentice,  and  no  journeyman  should  be  lecognised  who  had  not 
combined  with  his  practical  training  a  certain  minimum  amount  of 
it,  while  in  the  higher  departments  the  diploma  of  a  technical 
college  should  be  insisted  upon.  In  some  special  departments 
trades  schools  may  be  necessary,  but  these  should  either  be  self- 
supporting,  or  receive  whatever  pecuniary  assistance  they  required 
from  those  specially  interested  in  them. 

I  might  quote  the  opinions  of  many  men  who  have  studied  the 
subject,  in  support  of  the  views  I  have  expressed,  but  time  will 
only  aUow  me  to  mention  a  few.  The  late  Professor  Fleeming 
Jenkin  said — "If  you  mean  by  technical  education,  attempting  to 
teach  a  man  his  business  by  a  college  course,  I  think  it  is  a  very 
mischievous  delusion  indeed;  but  if  you  mean  that  in  addition  to 
his  practical  training  you  would  give  him  some  theoretical  training, 
some  technical  courses,  I  think  it  would  be  very  useful  indeed." 
Professor  Huxley  says — "I  do  not  think  that  much  good  is 
to  be  done  by  attempting  to  deal  with  the  trades  directly  in  the 
scientific  education  of  the  masses  of  the  people.  The  great  object 
appears  to  me  to  be  to  construct  such  a  scheme  as  should  enable 
you  to  sift  out  and  get  hold  of  the  men  who  have  really  scientific 
ability ;  give  them  a  fair  scientific  training,  and  you  may  trust  to 
the  arts  getting  all  they  want  out  of  them."  When  the  Council 
of  the  City  and  Guilds  of  London  Institute  were  arranging  their 
course  of  instruction,  they  consulted  a  committee  of  gentlemen 
who  were  well  qualified  to  advise  on  the  subject,  and  these  were 
unanimously  of  opinion: — (1)  That  the  teaching  of  the  practical 
part  of  the  particular  trade  or  manufacture  should  not  be  carried 
out  in  certain  establishments  auxiliary  to  those  devoted  to 
theoretical  instruction,  and  conveniently  given  in  connection 
therewith.  (2)  That  the  practical  part  should  be  left  to  be 
acquired,  in  workshops  and  manufactories,  by  means  of  apprentice- 
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ship  or  otherwise.  (3)  That  the  function  of  the  teacher  should  be 
confined  to  instruction  in  the  various  arts  and  sciences  connected 
with  industrial  undertakings,  and  especially  on  their  practical  appli- 
cation. These  views  have  been  concurred  in  by  the  Presidents  of 
the  Koyal  Society,  the  Chemical  Society,  the  Institution  of  Civil 
Engineers,  and  by  other  persons  well  qualified  to  judge. 

The  administration  of  the  Technical  Schools  Act  is  entrusted 
to  the  School  Boards,  and,  from  the  standard  which  is  to  be 
exacted  from  the  scholars,  it  is  evident  that  the  instruction 
intended  to  be  given  is  what  would  usually  be  called  secondary. 
If,  therefore,  elementary  education  is  to  be  improved,  it  must  be 
by  some  means  altogether  independent  of  this  Act,  so  that  in  the 
meantime  we  need  not  discuss  this  aspect  of  the  question, 
although  I  may  say  that  it  is  altogether  a  mistake  to  attempt  to 
draw  a  distinct  line  between  technical  and  general  education,  the 
two  should  go  on  simultaneously  from  the  day  the  scholar  enters 
school  till  the  day  he  leaves  it.  As  I  have  suggested  that  all 
secondary  education  should  be  placed  under  the  control  of  Boards 
having  charge  of  wider  areas  than  School  Board  areas,  such  as 
counties,  so  that  the  various  interests  might  be  harmonised,  and 
taxation  equalised,  my  next  objection  to  the  Act  is  that  its  working 
is  entrusted  to  bodies  whose  jurisdiction  is  too  limited.  The  power 
under  the  Act  whereby  any  two  or  more  School  Boards  may  com- 
bine together  for  the  purpose  of  maintaining  a  technical  school 
common  to  the  districts  of  such  School  Boards  would  remain 
practically  a  dead  letter.  The  may  will  require  to  be  converted 
into  must,  if  the  provision  is  to  be  of  much  use,  as  such  joint 
arrangements  are  too  complicated  ever  to  be  taken  advantage  of 
to  any  extent.  Elementary  education  is  approximately  the  same 
in  all  parts  of  the  country;  but  secondary  education,  especially 
that  part  of  it  which  is  of  a  technical  nature,  must  be  given  in 
localities  which  are  centres  of  industry,  to  which  pupils  from  all 
parts  of  the  country  would  fiock ;  and  it  would  be  unfair  to  make 
those  localities  pay  heavily  for  what  was  benefiting  the  whole 
country.  If  the  county  were  taken  as  the  basis  of  representation 
and  local  taxation,  the  injustice  would  to  a  large  extent  be 
removed,  while  the  Imperial  grants  would  represent  the  advan- 
tage to  the  country  in  general,  arising  from  the  improved 
system  of  education.  The  County  Boards  would  not  necessarily 
be  dissociated  altogether  from  the  School  Boards.  These  latter 
ought  to  be  asked  to  send  representatives,  who,   along  with 
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the ,  others  elected  or  a^^pointed  in  other  ^ays,  would  be 
better  able  to  do  justice  to  secondary  education  in  all  its  aspects 
than  ordinary  School  Boards  could  possiUy  be^  We  may 
assume  that  all  the  members  of  these  Boards  know  some- 
thing about  elementary  education,  but  we  may  safely  say  that 
few  of  them  know  much  about  technical  education.  The  present 
method  of  constituting  such  Boards  prevents  many  men  who  have 
thought  deeply  on  educational  matters  from  wishing  to  enter  theoL 
The  worry  of  contested  elections  is  alone  sufficient  to  damp  the 
enthusiasm  of  many  who  would  otherwise  be  glad  to  assist  in 
managing  the  educational  arrangements  of  the  country,  while  the 
time  which  is  occupied  by  School  Board  work,  by  those  who 
attempt  to  do  their  share  of  it  in  a  conscientious  manner,  in  hurge 
cities  at  least,  practically  renders  the  position  untenable  except  by 
those  whose  time  is  altogether  at  their  own  disposal  So  long 
as  School  Boards  have  the  power  of  taxation,  so  long  must  their 
members  be  elected  by  public  vote,  but  there  is  a  provision  in  the 
Elementary  Education  Act  which  in  Scotland  is  seldom,  if  ever, 
taken  advantage  of.  They  have  the  power  to  commit  the  manage- 
ment of  any  school  under  their  charge,  and  to  delegate  any  of  their 
powers  under  the  Act,  except  the  power  of  raising  money,  to 
managers  appointed  by  them.  The  public  spirit  of  the  country 
ought  to  be  developed  by  the  School  Boards  inviting  men  who 
are  known  to  take  a  general  interest  in  educational  matters,  or 
who  are  specially  acquainted  with  certain  departments,  to  act  as 
managers  of  the  schools  in  their  neighbourhood.  Such  managers, 
or  Local  Committees — call  them  what  you  like — ^would  be  capable 
of  regulating  the  instruction  afforded  according  to  the  demands 
and  requirements  of  the  districts  in  which  the  schools  are  estab- 
lished. In  large  cities,  with,  say,  fifteen  members  in  the  Board, 
even  supposing  they  all  took  a  fair  share  of  the  work  (which  is 
a  very  charitable  supposition),  it  is  physically  impossible  for  them  to 
attend  to  all  the  matters  requiring  their  supervision;  and  the  con- 
sequence is  that  the  work  and  policy  of  the  Board  fall  largely  into 
the  hands  of  the  permanent  officials  and  of  the  teachers,  and 
become  in  great  part  matters  of  statistics  and  book-keeping,  for 
the  official  mind  dearly  loves  order,  and  glories  in  percentages. 
If  this  be  true  of  elementary  education,  what,  I  ask,  would  happen 
if  the  Boards  had  charge  of  technical  education  ?  The  sixth  clause 
of  the  Technical  Schools  Act  stipulates  that  "every  school  provided 
under  this  Act  shall,  in  respect  to  all  subjects,  other  than  those  for 
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which  a  grant  is  claimed  from  the  Science  and  Art  Department, 
be  conducted  in  accordance  with  the  conditions  which  may  from 
time  to  time  be  set  forth  in  the  Scotch  Education  Code  annually  laid 
before  Parliament  under  the  heading  '  Technical  Schools.' "  When 
every  conscientious  teacher  in  the  land  is  demanding  the  abolition 
of  the  Code  for  elementary  education,  here  we  have  thrust  upon 
us  a  new  Code  for  technical  education,  with  all  its  attendant  evils. 

Not  only,  however,  are  School  Boards  to  have  the  management 
of  technical  schools  started  by  themselves,  but  they  have  the  power 
to  effect  the  transference  of  existing  technical  schools  to  their 
authority.  Whether  the  individual  members  of  the  School  Boards 
wish  it  or  not,  the  inevitable  result  of  this  provision  will  be  the 
almost  total  extinction  of  voluntary  schools.  These  individual 
members  have  continually  protested  that  it  was  their  wish  to 
encourage  voluntary  elementary  schools,  but  notwithstanding,  their 
united  action  has  been  such  as  to  nearly  extinguish  those  schools 
in  Scotland,  as  they  have  allowed  themselves  to  drift  along  without 
distinct  aims.  Lord  Balfour  of  Burleigh  in  his  recent  speech  in 
Glasgow  naturally  showed  that  he  felt  himself  aggrieved  by  this 
provision  of  the  Act,  after  having  spent  five  years  in  reconstituting 
the  most  important  of  the  existing  technical  schools.  He  pointed 
out,  however,  that  although  the  Act  gave  power  to  transfer  the 
schools  to  the  School  Boards,  it  gave  no  power  to  transfer  the 
endowments,  and  he  asked  if  it  was  a  reasonable  proposal  to 
transfer  the  schools  to  the  School  Boards,  and  leave  the  endow- 
ments in  the  hands  of  the  governing  bodies.  The  powers  of  the 
School  Boards  under  the  Technical  Schools  Act  are  very  similar 
to  those  they  have  under  the  Elementary  Education  Act,  and  the 
results  are  likely  to  be  similar.  I  have  been  assured  both  by  the 
Chairman  of  the  Glasgow  School  Board  and  the  Convener  of  the 
Evening  Class  Committee,  that  they  have  no  wish  to  enter  into 
competition  with  existing  institutions.  If  all  the  members  of 
School  Boards  were  men  like  Sir  John  N.  Cuthbertson  and 
Mr.  Kerr,  they  might  safely  be  trusted  to  do  their  best  for  the 
community,  without  the  aid  of  any  special  Acts  of  Parliament ; 
but  they  are  not^  and  unless  a  definite  policy  is  drawn  out  for 
their  guidance,  the  majority  will  simply  drift  along  in  the 
direction  in  which  their  most  active  members,  or  their  permanent 
offickls,  are  individiiaUy  inclined. 

It  is  not  necessary  to  consider  in  detail  all  the  other  clauses  of 
the  Act,  as  they,  for  the  most  part,  relate  to  matters  of  routine, 
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those  which  I  have  touched  upon  being  the  most  essentiaL  Lord 
Balfour,  in  the  speech  I  have  mentioned,  said  he  would  like  to 
see  School  Boards,  or  some  other  local  authority,  empowered  to 
put  on  a  very  small  limited  rate,  such  as,  for  example,  was  put 
on  for  public  libraries,  and  out  of  that  rate,  he  did  not  mean  that 
they  should  necessarily  have  a  school  of  their  own,  but  that  terms 
should  be  agreed  to  between  them  and  the  owners  of  existing 
schools  to  subsidise  those  schools,  and  to  have  a  certain  share  in 
their  management.  He  added  that  he  did  not  know  whether 
that  would  be  considered  »  revolutionary  proposal,  but  he  thought 
it  was  the  most  economical  way  in  which  the  people  of  this 
country  could  frame  a  satisfactory  system  of  higher  or  technical 
education.  This  proposal  is  exactly  in  terms  of  an  amendment 
to  the  Technical  Schools  Bill,  which  was  submitted  to  the 
Government  by  the  Grovemors  of  the  Glasgow  and  West  of 
Scotland  Technical  College,  and  to  that  brought  forward  by  our 
fellow-member,  Mr.  Stephen  Mason,  in  his  place  in  the  House  of 
Commons.  The  English  Technical  Schools  BUI  had  a  clause 
empowering  School  Boards  to  contribute  towards  the  maintenance 
or  provision  of  any  technical  school,  and  the  leader  of  the  House 
of  Commons  was  quite  disposed  to  accept  Mr.  Mason's  amend- 
ment, but  for  the  opposition  of  one  or  two  members  from 
Glasgow.  I  shall  not  enter  into  their  arguments,  which  were  not 
much  to  the  point,  but  it  seems  to  me  that  tlie  provisions  of 
the  Elementary  Education  Act  relating  to  the  appointment  of 
managers  is  sufficient  to  get  over  any  difficulty  which  is  likely 
to  arise.  The  School  Board  would  control  the  money,  and  the 
managers  would  see  that  it  was  properly  spent,  and  be  i*esponsible 
to  the  Board  for  the  use  which  was  made  of  it.  I  do  not  make 
this  suggestion  because  it  is  the  best  possible,  as  I  have  already 
stated  that  I  am  of  opinion  that  we  require  a  complete  reorgani- 
sation of  educational  matters,  and  this  suggestion  is  a  mere 
temporary  arrangement,  if  any  use  is  to  be  made  of  the  present 
Bill,  even  in  an  amended  form. 

It  seems  most  extraordinary  that  an  Act  should  be  launched 
on  Scotland  for  providing  technical  education  which  entirely 
ignored  the  work  of  a  special  Commission  which  has  been  sitting 
for  some  years,  and  is  still  sitting  for  the  consideration  of  the 
subject.  Just  when  its  labours  are  almost  completed,  and  the 
various  schemes  it  has  arranged  are  being  put  into  operation,  the 
Meml'ors  of  that  Commission  are  surprised,  as  I  infer  from  the 
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remarks  of  Lord  Balfour,  that  a  Bill  is  passed  which  ignores  the 
work  they  have  done,  and  will  probably  have  the  effect  of 
nullifying  it  to  a  large  extent.  Not  only  will  the  working  of  the 
Act  tend  to  extinguish  all  voluntary  effort  of  a  private  nature, 
but  it  is  difficult  to  see  how  the  operations  of  the  City  and  Guilds 
of  London  Institute  can  be  continued,  in  their  present  lines  at 
least;  for  although  that  Institute  is  rich,  it  cannot  enter  into 
successful  competition  with  rate-supported  corporations.  Sir 
Philip  Magnus,  at  the  recent  meeting  of  the  British  Association, 
said  he  had  been  assured  by  the  promoters  of  the  Bill  that  they 
had  no  wish  to  saddle  the  country  with  the  expenses  of  the  work 
now  being  done  by  the  Institute.  On  the  other  hand,  Sir  Henry 
Roscoe,  who  is  understood  to  be  one  of  the  inspirers  of  the  Bill, 
seemed  to  indicate  that  the  Science  and  Art  Department  would 
give  grants  for  the  same  subjects  as  the  Institute.  Hence  we 
have  not  only  the  dual  management  of  the  Scotch  Education 
Department  and  the  Science  and  Art  Department,  but  we  have 
to  consider  the  advisability  of  admitting  the  City  and  Guilds  of 
London  Institute  as  a  third  partner,  or  consent  to  the  extinction 
of  its  work,  at  least  in  so  far  as  its  examinations  are  concerned. 
Into  this  part  of  the  subject,  however,  I  need  not  enter  at  present. 
Lord  Balfour,  in  the  address  which  I  have  referred  to  more 
than  once,  expressed  the  opinion  that,  except  in  large  centres  of 
population,  the  Act  would  not  be  operative.  Surely  when  he 
made  that  remark  he  forgot  for  the  moment  that  in  almost  all 
the  chief  centres  of  population  in  Scotland,  the  Commission  of 
which  he  is  chairman  had  created  special  governing  bodies  to 
take  charge  of  technical  education,  and  which,  with  perhaps  a 
little  assistance,  are  qualified  to  undertake  the  greater  part  of  what 
is  required.  If,  therefore,  the  Act  is  not  likely  to  be  taken 
advantage  of  in  the  country  districts,  and  is  not  wanted  to  any 
extent  in  the  great  centres  of  population,  we  naturally  ask — What 
is  the  use  of  it  in  its  present  shape?  It  is  to  be  hoped  that  Mr. 
Mason  will  accept  the  hint  given  to  him  by  the  leader  of  the 
House  of  Commons,  and  introduce  a  measure  next  session 
embodying  his  amendment,  as  it  is  very  certain  to  pass  after  the 
expression  of  opinion  by  Mr.  Smith,  that  we  can  work  best 
through  the  agency  of  those  who  were  content  and  willing  to 
make  some  sacrifices  of  their  own  in  order  to  forward  the  objects 
in  view,  and  therefore  he  was  by  no  means  opposed  to  the  princi- 
ple of  subsidising  the  efforts  of  persons  devoted  to  the  cause  of 
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better  and  worse  in  social  organisation,  if  nothing  beyond  the 
exigencies  of  the  moment  are  attended  to,  and  the  proximately 
best  is  habitually  identified  with  the  ultimately  best,  there  cannot 
be  any  true  progress.  However  distant  may  be  the  goal,  and 
however  often  intervening  obstacles  may  necessitate  deviation  in 
our  course  towards  it,  it  is  obviously  requisite  to  know  where- 
abouts it  lies."  *  In  educational  matters,  not  only,  therefore,  is  it 
necessary  to  pass  new  regulations  and  inaugurate  new  methods, 
but  before  these  can  be  fully  taken  advantage  of  we  must  get  rid 
of  old  regulations  which  obstruct  progress,  and  bad  methods  which 
are  altogether  opposed  to  the  principles  which  should  guide  the 
educator.  It  is  impossible  for  technical  education  to  be  much 
improved  in  State-supported  schools  so  long  as  the  restrictions  of 
the  present  Code  continue,  for  if  we  attempt. to  graft  the  new  on 
to  the  old  the  system  will  break  down  through  sheer  weight.  If 
general  education  were  what  it  ought  to  be,  a  good  deal  of  what 
is  sometimes  considered  technical  would  be  included  under  it. 
On  the  other  hand,  technical  or  professional  education  should 
always  be  general  or  liberal,  that  is  to  say,  it  should  not  be  simply 
confined  to  the  storing  of  facts,  but  be  used  as  a  means  of  develop- 
ing the  intellects  of  the  students,  and  for  training  their  eyes  and 
their  hands.  To  accomplish  this  we  must  have  clear  ideas  about 
what  we  are  aiming  at.  Public  men  are  beginning  to  speak  out  on 
such  matters  in  plain  words.  For  instance.  Lord  Elgin,  in  the 
address  to  which  1  have  alluded,  said — "  I  wish  to  see  local  educi- 
tional  authorities  in  a  more  dignified  and  influential  position  ns 
regards  higher  education  than  can  ever  be  attained  by  even  well- 
intentioned  efforts,  hampered  by  want  of  resources  and  by  the 
provisions  of  the  Code;  and  I  wish  to  see  our  ancient  universities 
supplied  with  candidates  whose  abilities  they  would  not  fear  to 
put  to  the  test.  In  order  to  realise  these  objects — in  order  to 
obtain  that  full  sequence  of  instruction,  literary,  scientific, 
technical,  mechanical,  call  it  what  you  will,  if  it  elevates  and 
improves  the  individual — I  am  convinced  that  we  must  demand  a 
thorough  and  comprehensive  treatment  of  our  secondary  education, 
and  that  sooner  or  later  we  must  brace  ourselves  to  make  that 
demand."  Sir  Henry  Boscoe,  in  his  recent  Presidential  Address 
to  the  British  Association,  said — '^The  country  is  now  beginning 
to  see  that  if  she  is  to  maintain  her  industrial  and  commercial 

•  Herbert  Spencer,  "  The  Man  versus  The  State,"  p.  112. 


joprcnckCT,  the  edocadoii  of  Ler  people,  from  top  to  bottom,  must 
be  i^uRTKii  ocit  oa  new  liQes.     The  ^aestioa  as  to  how  this  may 

be  ini:t*€  aairlr  and  snrelT  aocoar-Lislied  b  OEe  of  transcendent 
n^Lwi'.c-iI  in-r-T-rtanire.  and  tLe  ^tJ-tefaiAn  who  solres  this  educational 
Lrjcl*^nL  will  earn  tLe  sratitxide  ot  ::^aeraticQS  Tet  to  OMne.^  In 
niT  cptnijc  tht»  problem  is  ii<k;  likeiT  zo  be  solTed  br  any  one 
man.  ba::  rather  by  the  ejLrTL»»i>t  ot>cperadon  of  ali  who  are 
incerestciL  n«x  merely  in  edneation*  bat  als4.^  in  more  general  social 
questions.  To  did  in  this  solution^  we  re^^nire  independent  thought, 
and  tiie  coortk^  to  express  the  results  ot  -fcat  thoaght.  Unfor- 
txmately,  in  the  present  state  of  sociecy  that,  generally,  involves 
such  serioQS  perscoid  social  consequences  that  the  determination 
required  to  fcice  them  is  a  virtue  seldom  to  be  met  with. 
The  questions  involved  mu>t  be  bravely  met  and  fidrly  considered 
from  every  point  of  Wew.  tor  if  we  attempt  to  avoid  them  they 
will  force  theni.^elves  utK»n  us  in  wavs  which  will  startle  nsw 
Thoughtful  men  are  begin lung  to  see  that  educatioa;d  and  social 
problems  demand  tiieir  best  enerj:ies^  To  thoi^e  who  attempt 
their  solution  I  would  quote  the  words  of  a  phil«:s*  pner  whose 
works  I  love  to  studv — "'Not  as  ;ulventi:ious  will  the  wise  nuin 
regard  the  tilth  which  is  iti  him.  T!ie  hi^LLe^t  truth  he  sees  he 
wili  fearless! V  utter;  kiiowiiiiC  that,  let  what  mav  come  of  it.  he 
is  playing  his  right  part  in  the  world:  kuowii::^  that  it  he  can 
aifect  the  change  he  aims  at — well;  if  not — well  .ils<3;  though  not 
so  welL'* 
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IV. — On  the  Modem  Cell  Theory  and  the  Phenomena  of  Fecun- 
dation. By  John  Gray  M*Kendrick,  M.D.,  LL.D., 
F.RS.,  F.R.S.E.,  F.R.O.P.E.,  Professor  of  the  Institutes  of 
Medicine  in  the  University  of  Glasgow. 
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The  progress  of  science  is  not  uniform.  It  may  rather  be  said 
to  advance  by  leaps  and  bounds :  or,  to  vary  the  figure,  one  could 
represent  the  progress  of  science,  not  by  a  uniformly  ascending 
line,  but  by  a  line  gradually  climbing  upwards,  having  here 
and  there  in  its  course  sudden  and  steep  ascents,  followed  by 
portions  almost  horizontal.  The  sudden  leaps  are  usually  the 
result  of  the  enunciation  of  a  new  theory  which  is  at  once  an 
explanation  of  phenomena  hitherto  obscure,  and  a  guide  to  further 
research,  or  the  invention  of  a  new  instrument  or  method  by 
which  new  fields  of  observation  are  opened  up,  and  new  facts 
discovered.  We  have  an  illustration  of  such  an  advance  in  the 
remarkable  development  of  knowledge  of  the  minute  structure 
of  living  matter  that  has  taken  place  during  the  last  few  years.* 

It  is  evident  that  knowledge  of  the  structure  of  the  tissues 
that  form  the  body  must  depend  chiefly  on  the  degree  of  excellence 
of  the  microscope,  and  on  the  skilful  adaptation  of  methods  of 
preparing  the  tissues  for  examination  by  that  instrument.  No 
doubt  simple  lenses  enabled  Robert  Hooke,t  Malpighi,J  Grew,§ 
and  Leeuwenhoek,|]  in  the  17th  century,  to  discover  some  of  the 
cellular  elements,  and  by  such  simple  instruments  Fontana,^  in 
1784,  saw  and  described  the  nucleus  of  the  cell,  adipose  tissue. 


*  Although  very  full  bibliographies  are  appended  to  many  of  the  special 
works  on  this  subject,  I  have  given  references  as  regards  the  more 
important  and  epoch-making  memoirs,  for  the  benefit  of  those  who  may 
not  have  the  opportunity  of  seeing  the  more  elaborate  French  and  German 
works.  In  giving  these  references  I  have  been  specially  assisted  by  the 
bibliographies  of  Carnoy,  Van  Bambeke,  £.  van  Beneden,  Flemming, 
Hensen,  and  Weismann. 

t  Robert  Hooke,  Micrographiay  1665. 

X  Malpighi,  AncUomia  Plantarum,  1687. 

§  Grew,  Anatomy  of  Vtgeiahles,  1671  and  1682. 

II  Leeuwenhoek,  Arcana  naturce  detecla,  1680.     Opera  omnia^  17 

IT  Fontana,  TraiU  sur  le  ixnin  de  la  vip^re,  1781. 
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striated  muscular  fibres,  and  the  elements  of  nervous  tissue.  Little 
progress,  however,  was  made  until  early  in  the  present  century,  when, 
by  the  discovery  of  the  pidnciple  of  achromatism  by  Fraunhofer,  and 
by  its  successful  application,  more  recently,  by  Lister  and  others,  the 
compound  microscope  became  a  trustworthy  instrument.  Since 
then  each  improvement  in  the  microscope,  as  to  quality  of  lenses, 
modes  of  illumination,  and  mechanical  adjustments,  has  been 
accompanied  by  a  contemporaneous  advance  in  histology.  The 
application  of  the  instrument  has  also  been  facilitated  by  the 
gradual  development  of  methods  of  preparing  the  tissues  for 
examination.  Eontana,*^  so  long  ago  as  before  1781,  appears  to 
have  been  the  first  to  apply  reagents  to  substances  under  the 
microscope,  and  he  used  alkalies  and  acids,  and  even  syrup  of 
violets  as  a  colouring  matter,  f  Little  was  done  in  this  way,  how- 
ever, until  about  the  middle  of  the  present  century.  Since  then 
scarcely  a  year  has  elapsed  without  the  invention  of  an  improved 
method.  Thus  Purkinje  and  Bauschel  and  Burdach  used  acetic 
acid  as  a  reagent  to  clear  up  the  tissues;  Gerlach  showed  how  to 
fill  the  minute  blood  vessels  with  transparent  injection ;  H.  Muller 
devised  the  method  of  hardening  tissues  by  steeping  them  for  long 
periods  in  solutions  of  chromic  acid,  or  of  its  salts;  the  plan  of 
staining  certain  elements  was  followed  by  Lord  Sydney  Godolphin 
Osborne,!  Gerlach,  and  Lionel  Beale,§  with  carmine,  and  by 
Waldeyer,  with  logwood  or  hsematoxylin ;  Kainey  showed  how  to 
render  tissues  transparent  by  glycerine;  Lockhart  Clarke  made  it 
possible  to  render  nervous  tissues  transparent  by  passing  them 
through  alcohol,  oil  of  turpentine,  oil  of  cloves,  and  finally  mount- 
ing them  in  Canada  balsam ;  RoUet  and  Schwartz  invented  the 
method  of  double  staining,  so  that  one  element  of  tissue  might  be 
tinted  red  by  carmine,  whilst  other  elements  were  tinted  yellow 
by  picric  acid ;  Ranvier,  Jiirgens,  Dreschfield,  and  others  called  to 
our  aid  the  coal  tar  colours;  and  Krause,  His,  and  Von  Reckling- 
hausen introduced  the  use  of  salts  of  silver;  Max  Schultze,  the 
use  of  osmic  acid;  Cohnheim,  of  the  chloride  of  gold,  and  F.  £. 
Schulze,  of  the  salts  of  palladium,  having  ascertained  that  certain 
elements  of  tissue  reduce  these  salts,  precipitating  the  metal  in 

*  Fontana,  TraiU  sur  le  vetiin  de  la  vipire,  op.  cU. 
t  Camoy,  La  Biologie  ceUutaire,  p.  174. 
J  Lord  S.  G.  Osborne,  Journal  of  Microscopical  Society ,  vol.  v. 
§  Lionel  Beale,  letter  quoted  in  Dryedale  on  The  Protoplasmic  Theory  of 
Life,^.  62. 
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such  a  condition  that  by  lines  or  marks  the  eye  can  follow 
elements  in  structures  that  otherwise  would  show  no  optical 
indication  oif  their  presence.*  By  such  operations  of  micro- 
chemistry,  aided  by  improved  methods  of  cutting  thin  sections, 
and  by  the  use  of  microscopes  that,  considered  mei*ely  as  optical 
instruments,  are  probably  very  near  a  state  of  perfection,  much 
progress  has  recently  been  made,  more  especially  in  the  obscure 
department  of  histology  dealing  with  the  nature  of  protoplasm, 
the  structure  of  cells,  and  the  phenomena  of  fecundation.  The 
object  of  thus  paper  is  to  give  a  brief  account  of  some  of  the  chief 
results  that  have  been  thus  obtained. 

As  already  stated,  the  earliest  observers  with  the  simple 
microscope  undoubtedly  saw  some  of  the  cellular  elements  of  the 
tissues  both  of  plants  and  of  animals,  but  the  first  important  step 
taken  was  by  the  botanist,  Robert  Brown,  t  who,  in  1831,  made 
great  progress  in  the  knowledge  of  vegetable  cells.  In  particular, 
he  directed  special  attention  to  the  nucleus,  previously  observed 
by  Fontana,  and  established  the  fact  that  it  was  a  normal  element 
in  the  cell  In  1836  Valentin  J  discovered  the  nucleolus,  and  he 
described  it  as  a  little  round  body,  a  kind  of  second  nucleus,  in 
the  interior  of  the  first.  As  to  the  physiological  significance  of 
the  cell,  Turpin,§  so  early  as  1826,  was  the  first  to  attribute  to 
them  distinct  individualities,  and  to  make  the  generalisation  that 
plants  were  formed  by  an  agglomeration  of  cells.  Then  came  the 
announcement  of  the  cell  theory  in  1839,  fii*st  applied  to  plants  by 
Schleiden,||  and  then  to  animals  by  Schwann.  A  careful  study  of 
the  history  of  this  subject  has  convinced  me  that  even  before  1830 
the  cell  theory  was  held  generally  by  botanists,  and  was  discussed 
more  especially  in  the  writings  of  Dutrochet,  Mayen,  Schleiden, 
and  Yon  Mohl ;  but  it  was  not  put  on  a  sure  basis  until  it  was 
applied  to  animal  tissues  by  Schwann.    At  this  period,  then,  1839,11 

•  Arnold  Brass,  Kurzes  Lehrbueh  der  normalefi  Hiatologxt  das  Mniwhen, 
p.  3.     Marburg,  1885. 

+  Robert  Brown,  On  the  organs  and  mode  of  feamdatum  in  Orchideee  and 
AgcUpiadecB.     Trans,  Linnean  Society,  1833. 

X  Valentin,  Bepertorium,  torn,  i.,  1836. 

§  Tnrpin,  Organographie  microscopique,    1826,      Mem,   of  Museum  of 
Nat.  Hist.,  1826. 

II  Schleiden,  Beitrage  zur  Phytogenesls.     MiMer's  ArcJiiv.,  1838. 

1[  Schwann,  Mieroseopische  Untersuchungen  iiber  die  Utherevnst  in  der 
Structure  und  das  Wachsthum  der  TMere  und  der  PJIanzen,  1839. 
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tbe  oonoeption  of  a  cell  was  as  follows : — '*  A  vesicle  dosed  by  a 
solid  membrane,  containing  a  liquid  in  which  floats  a  nucleus  con- 
taining a  nucleolus,  and  in  which  also  one  may  find  small  granular 
bodies.'*  Further,  it  was  held  by  the  founders  of  the  cell  theory 
that  all  cells  might  originate  in  a  structureless  substance  or 
cytoblastema  The  cell  theory  itself  was  contained  in  the  state- 
ments that  the  bodies  of  all  plants  and  animals  are  formed 
originally  of  cells,  and  that  it  is  by  the  evolution  o^  and  changes 
in,  these  cells  all  the  tissues  are  formed.     (Fig.  1.) 


':<^ 


*  •  • 


1.  2.  3. 

Fig.  1. — (1)  Original  conception  of  a  cell,     a,  Cell  waU;  6,  nucleus;  c, 
cell  substance  or  contents  ;  d,  nucleolus. 

(2)  Cell  wall  has  disappeared,    a,  Nucleus ;  6,  nucleolus ;  c,  cell  substance, 

or  contents. 

(3)  Modem  view.      Cell  now  consists  of  granular  matter,  c.      Even  the 

faint  line  might  be  omitted  ;  no  cell  wall  exists. 

The  cell  theory  rapidly  underwent  modification  under  the 
influence  of  new  facts  and  of  philosophical  speculation.  Thus, 
in  1841,  Henle  showed  that  cells  may  multiply  by  budding,  and 
in  the  same  year  Martin  Barry  observed  that  the  reproduction  of 
cells  was  accompanied  by  division  of  the  nucleus.  In  1845 
Goodsir  first  promulgated  the  doctrine  that  cells  never  originate 
without  pre-existing  cells,  a  doctrine  subsequently  adopted  by 
Remak  and  applied  to  pathological  phenomena  by  Virchow.* 
Then,  in  1845,  the  botanist,  Nageli,t  showed  that  certain  cells 
have  no  cell  wall,  and  in  1857  Leydig  defined  a  cell  as  a  soft  sub- 
stance containing  a  nucleus.  Lastly,  in  1854,  Max  Schultze;^ 
described  a  non-nucleated  amoeboid  organism,  Awjod>a  porrccta^ 
which  is  a  cell  in  tbe  physiological  sense,  but  destitute  of  either  cell 
wall,  nucleus,  or  nucleolus — nothing,  in  short,  but  a  little  mass  of 
apparently  structureless  matter.  Thus,  we  come  back  to  a 
structureless  substance,  and  in  this  connection  it  is  interesting  to 
read  the  following  quotation  from  Schwann,  because  it  indicates 

*  John  Goodsir,  Anatomical  Memoirs,  vol.  ii.,  p.  90;  also  vol.  ii.,  p.  389. 

+  NUgeli,  On  tht  nucUif  formation,  and  fjrowth  of  vegetable  cells.  Ray 
Society,  1849. 

X  Max  Schultze,  Ueher  den  Organismus  der  PolylJialamien,  1854 ;  also 
Protoploitma  der  Bhyzopoden,    Leipzig,  1863. 
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the  comprehensive  view  of  the  nature  of  living  matter,  which  it 
was  the  purpose  of  the  cell  theory  to  explain : — "  In  the  funda- 
mental phenomena  attending  the  exertion  of  productive  power  in 
organic  nature,  a  structureless  substance  is  present  in  the  first 
instance,  either  around,  or  in  the  interior  of  cells  already  existing; 
and  cells  are  formed  in  it  in  accordance  with  certain  laws,  which 
cells  become  developed  in  various  ways  into  the  elementary  parts 
of  an  organism."* 

Now  we  must  retrace  our  steps  to  ascertain  what  were  the 
earlier  views  held  by  naturalists  regarding  living  matter.  As 
early  as  1839  Brisseau-Mirbel  applied  the  term  cambium  to  the 
living  matter  in  plants,  and  a  little  later  Schleiden  called  it 
fnucilage  or  schleim.  In  1835  the  French  naturalist  Dujardin,  f 
in  describing  the  Rhizopoda,  first  used  the  word  sarcode  to 
designate  '^a  kind  of  mucus  endowed  with  spontaneous  move- 
ment and  contractility."  Then  appeared  the  famous  word, 
protopkum.  According  to  Carnoy,  X  this  term  was  first  used  by 
Purkinje,  and  he  makes  the  following  quotation  from  Reichert,§ 
who  says,  in  describing  Purkinje's  researches,  which  were  published 
in  1839  and  1840: — "There  is  only,  according  to  Purkinje,  a 
decisive  analogy  between  the  two  organic  kingdoms  in  that  relat- 
ing to  the  elementary  granules  of  the  vegetable  cambium  and  of 
the  protoplasm  of  the  animal  embryo."  Six  years  later,  in  1846, 
Hugo  von  Mohl,||  in  describing  the  tissues  of  plants,  employed  the 
word  and  defined  the  appearance  of  protoplasm  in  such  a  manner 
as  to  entitle  him  to  the  credit  of  the  first  scientific  use  of  the  term. 

*  For  an  interesting  account  of  the  earlier  views  regarding  cells,  see  Dr. 
Drysdale's  Protoplasmic  Theory  of  Life,  1874.  Dr.  Drysdale  in  particular 
refers  to  the  early  speculations  of  Dr.  John  Fletcher  in  his  work,  published 
in  1835,  entitled  Rudiments  of  Physiology  The  following  quotation  from 
that  book  shows  how  advanced  Dr.  Fletcher's  speculative  opinions  were 
before  1835 : — *'  Admitting  that  irritability  or  vitality,  general  and  specific, 
18  a  property  of  the  organised  solids  alone,  it  becomes  a  question  of  the 
highest  interest  whether  it  be  directly  inherent  in  each  of  the  organised 
tissues,  either  of  plants  or  animals,  or  whether  it  merely  appears  to  be  possessed 
by  them  all  in  virtue  of  some  one  which  is  universally  distributed  over  the 
organised  being,  and  inextricably  interwoven  with  every  otlier." — ii.,  p.  55. 

t  Dujardin,  BecJierches  sur  les  organismus  inf6rieures,  Ann,  Sci.  Natur., 
2s^r.,  vol.  iv.,  1835. 

t  Carnoy,  La  Biologic  CeUulaire,  1884,  p.  177. 

§  Reichert,  Archiv.f,  Anat.  und  Physiol,  1841. 

tl  Von  Mohl,  Ueberde  Sqftbewegungimlnnem  derZelUn,  Bot,  Zeitung. ,  1846; 
also  OrundzUge  der  Anat,,  und  PhysioL  der  Vegetab,  ZeUe.  Bronswick,  1851. 
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He  writes : — "  I  am  authorised  to  give  the  name  of  protoplasm  to 
a  semi-fluid    nitrogenous  substance,   stained  yellow  by  iodine, 
which  is  contained  in  the  cavity  of  the  cell,  and  which  furnishes 
the  materials  for  the  formation  of  the  primordial  utricle,  and  of 
the  nucleus/'     The  word  protoplasm,  then,   was  first  used   to 
designate  the  living  matter  of  plants,  and  although  Dujardin*  in 
1835  described  the  properties  of  the  living  matter  of  animals  under 
the  name  sarcode,  it  was  a  long  time  before  naturalists  recognised 
the  practical  identity  of  the  two  substances,  the  matter  called 
sarcode  being  supposed  to  be  peculiar  to  the  lower  orders  of  the 
invertebrates.     It  was  not  until  1861  that  Max  Schultzef  main- 
tained the  identity  of  the  sarcode  or  protoplasm  of  the  lower 
beings  with  the  living  matter  in  the  tissues  of  the  higher  beings, 
and  it  is  worthy  of  notice  that  this  identity  was  grounded  not  on 
structural  but  on  physiological  properties.     Thus  it  was  found 
that  the  living  matter  in  vegetable  cells,  as  shown  by  the  well- 
known  phenomenon  of  the  streaming  of  the  granules,  and  by  the 
movements  of  the  sexual  elements  of  fungi,  had  properties  identical 
with  those  of  the  sarcode  of  the  lower  animals,  and  with  those  of 
the  living  matter  in  the  higher  animals.     The  living  stuff,  where- 
ever  found,  manifested  irritability  and  contractility,  and  thus  it 
was  at  last  held  that  the  living  matter,  or  protoplasm,  was  the 
same  in  kind  in  both  kingdoms  of  organized  beings,  from  the 
lowest  to  the  highest.     Then  it  was  necessary,  about  1865,  to 
detine    protoplasm    as    follows :  —  "A    diaphanous   semi-liquid, 
viscous  mass,  extensible  but  not  elastic,  homogeneous — that  is  to 
say,  without  structure,  without  visible  organisation,  having  in  it 
numerous  granules,  and  endowed  with  irritability  and  contractility." 
Protoplasm  having  been  established  as  the  living  stuff,  for  a 
time  it  held  its  position  as  a  structureless  material,  presenting  only 
a  few  granules,  and  with  or  without  a  nucleus.     When  the  bit  of 
protoplasm  was  very  small,  even  although  it  had  no  nucleus,  it 
was  considered  physiologically  to  be  a  cell.     But  again  the  restive 
onward  movement  began,  which  led  to  new  conquests.     As  early 
as  1844,  Von  Mohl,}:  in  his   elaborate   investigations  into   the 
structure  of  the  cell,  pointed  out  the  differentiation  of  the  outermost 

*  Dujardin,  AnnoLts  des  Sciences  NaturelUs,  vol.  iii.,  1835. 

t  Max  Scbultze,  Ueber  Mnskelkdrperchen  und  das  was  man  eine  ZeUe 
zu  neniien  habe.     Arciiiv.  /.  Reichert  und  Du  Bois  Beymond,  1861. 

X  Von  Mohl.  For  an  account  of  the  reaeai-ches  of  Von  Mohl,  and  refer- 
ences, flee  Sachs*  Text-Book  of  Botany  ^  1875,  chap,  i.,  Morphology  qf  the  CdL 


Dr.  M'Kendrick  on  tihe  Modern  Cell  Theory^  etc,        77 

layer  of  the  protoplasm  next  the  cell  wall  to  form  the  primordial 
tUride,  the  vacuolation  of  the  protoplasm,  and  the  nature  of  the 
nucleus,  and  in  1851  he  limited  his  definition  of  protoplasm  so  as 
to  exclude  the  primordial  utricle  and  the  nucleus,  in  the  following 
words: — "  The  remaining  part  of  the  cell  is  more  or  less  filled  with 
an  opaline,  viscous,  white  fluid,  having  granules  in  it,  and  I  call 
this  protoplasm/'  Thus,  as  remarked  by  Camoy,  Yon  Mohl 
limited  the  name  protoplasm  to  the  hyaline  viscous'  portion  of  the 
cell  matter.  These  efforts  of  Yon  Mohl  were  the  first  attempts  to 
differentiate  the  structure  of  protoplasm;  they  are  the  starting 
point  of  a  vast  number  of  researches  in  this  direction,  in  which 
the  investigator  into  vegetable  tissues  goes  hand  in  hand  with  the 
animal  morphologist.*  In  1853  Professor  Huxley t  wrote  on  the 
subject^  and  distinguished  between  the  endoplast,  or  the  matter 
within  the  cell  wall,  and  the  periplast,  or  surrounding  matter. 
He  attached  special  importance  to  the  endoplast,  homologous  with 
the  primordial  utricle  of  Yon  Mohl,  and  held  that  all  differentia- 
tions of  tissue  were  from  changes  in  the  periplast  Nor  can  we 
forget  the  impetus  given  to  physiological  speculation  in  this 
country  by  his  famous  lecture  on  protoplasm. 

The  first  step  in  the  direction  of  differentiation  of  the  element 
of  protoplasm  was  made  by  Stilling,!  when,  in  1859,  he 
discovered  a  fibrillar  structure  in  the  interior  of  a  ganglionic 
nerve  cell.  Five  years  later,  in  1864,  Ley  dig  §  described  a 
similar  appearance  in  the  cells  of  the  intestines  of  certain 
isopod  crustaceans  (Cloporte,  d!C.).  Between  the  years  1865  and 
1867  Frommann||  showed  that  a  fibrillar  network  existed  in  many 
cells,  and  in  1 873  Heitzman  demonstrated  the  same  fact.1I  The  two 
latter  observers  may  be  regarded  as  the  founders  of  the  modem 
view  that  almost  all  cells,  and  nearly  all  kinds  of  protoplasm, 

*  Special  reference  must  be  made  to  the  writmgs  of  ProfesBor  Lionel 
Beale,  who  under  the  term  biopUum  designated  the  living  protoplasmic  stuff. 
Modern  investigations  undoubtedly  show  that  Dr.  Beale's  views  were  a  very 
important  contribution  to  our  knowledge  of  the  nature  of  living  matter. 

t  T.  H.  Huxley,  B,  and  F.  Medieo-Chirurgical  Review,  1853. 

X  Stilling,  Neu  Unlersuchungen  fiber  die  Bau  d.  Riickemnarhfj  1859. 

§  Leydig,  Vom  Bau  d.  Thierisehen  Kdrpers,    Tubingen,  1864. 

II  Frommann,  Untersuehungen  ueber  dienormaleundpalhologiacheAnatomie 
dfM  RUekenmarka,  1867,  XL  Theil;  €U«o  UrUersuchungfn  ueber  Struktur  Lebens 
enehemungen  und  ReacUonen  thierischer  und  pflanzlicher  Zeller,   Jena,  1884. 

if  Heitzman,  Mieroacopiache  Morphologie  des  Thierkiyrpers  im  gesunden 
und  kranken  Zuttande.  Vienna,  1883.  His  earliest  paper  was  Unter- 
muhumgen  fiber  daa  ProtopUuma,  Sitz  de  K,  A,  de  Wiaaen,    Vienna,  1873. 
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show  a  delicate  network  of  fine  fibres,  and  they  established  this 
detail  of  structure  as  a  general  property  of  protoplasm.  Thus 
protoplasm  is  not  structureless,  it  is  not  a  homogeneous  mass 
having  a  few  granules  interspersed  in  its  substance,  but  it  has 
details  of  structure  so  fine  as  to  require  the  highest  microscopic 
powers,  the  finest  optical  definition,  and  the  most  refined  micro- 
chemical  operations  to  make  them  visible.*     (Fig.  2.) 


Fig.  2. — Connective  tissue  corpuscle  or  cell  from  the  skin  of  Triton  tceniajt^ifty 
x560.    p,  Protoplasm;  k,  nucleus;  1,  membrane  of  nucleus;  2,  intra- 
nuclear network  ;  3,  small  bodies  in  the  nucleus.    The  coarser  threadlets 
of  the  intra-nuclear  network  are  easily  seen ;  the  finer  threadlets  appear 
with  this  power  as  mere  points.     (Stdhr. ) 

The  next  important  generalisation  is  as  to  the  chemical  nature 
of  protoplasm.t  Loose  expressions  were  much  in  vogue  eight  or 
ten  years  ago,  regarding  this  aspect  of  the  subject.  Life  was  said 
to  be  identified  with  a  little  albuminous  matter,  containing 
phosphorus ;  protoplasm  was  merely  a  drop  of  living  albumen ; 
and  the  conception  one  was  offered  of  albumen  was,  that  it  was  a 
substance  like  a  little  white  of  egg.  But  micro-chemistry,  and 
a  study  of  the  chemical  reactions  of  living  matter  have  effected  a 
revolution  in  scientific  opinion.  It  is  evident  that  living  pro- 
toplasm cannot  be  analysed.  The  attempt  at  analysis  by  the 
application  of  any  reagents,  or  by  the  use  of  physical  agencies 
such  as  heat  or  electricity,  causes  it  to  fall  to  pieces,  only 
the  fragments  remain,  whilst  the  peculiar  properties  which 
we   associate   with  the  living  state  have   vanished.       We  can, 

*  See  also  Klein,  Observations  on  the  structure  of  cells  and  nuclei,  Quart. 
Journal  Micron.  Science ^  vol.  xix.;  also,  On  tJie  lymphatic  system  and  the 
minute  structure  of  the  salivary  glands  and  pancreas,  Quart.  Jour,  of  Micros. 
Science,  1882;  also,  Observations  on  glandulnr  epithelium,  and  division  of 
nuclei,  Quart.  Jour,  of  Micros.  Science,  1879;  also,  Atlas  of  Histology,  1881. 
chap,  xliv.,  plate  xlviii. 

+  Upon  this  point  it  is  very  interesting  to  read  Fletcher's  remarks  in  his 
Rudiments  of  Physiology,  op.  cil.     An  analysis  is  given  by  Drysdale,  op»  cU. 
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however,  gather  up  these  fragments  and  determine  their  chemical 
nature.  They  are  found  to  consist  of  water,  of  substances  having 
the  character  of  the  albumens,  of  nitrogenous  matters  rich 
in  phosphorus,  of  carbo-hydrates,  such  as  glycogen  (animal 
starch)  and  glucose,  of  bodies  that  behave  like  ferments,  and  of 
mineral  matters,  such  as  chloiides,  sulphates,  and  phosphates  of 
the  alkalies,  and  of  the  alkaline  earths.  Thus  the  protoplasmic 
stuff  is  seen  to  have  a  highly  complex  chemical  constitution  The 
imagination  cannot  picture  the  complex  structure  of  the  chemical 
molecula  There  are  reasons  for  believing,  however,  that  proto- 
plasm is  a  chemical  substance,  having  an  extremely  complex  and 
unstable  molecule,  and  that  some  of  its  special  properties  are  to 
be  referred  to  this  complex  and  unstable  condition.  My  concep- 
tion of  it  is  that  it  is  built  up  by  the  combination  of  all  of  the 
substances  just  enumerated;  whilst,  on  the  other  band,  these 
substances  do  not  exist  in  it  as  albumens,  or  water,  or  carbo- 
hydrates, or  salts.  The  complex  molecule  is  like  an  elaborate 
structure,  built  of  groups  of  cards;  it  is  unstable;  a  slight  molecular 
agitation  causes  it  to  fall  to  pieces,  but,  in  doing  so,  the  cards  do 
not  fall  completely  asunder;  that  is  to  say,  it  is  not  resolved  into  its 
elements,  but  they  fall  into  groups.  In  other  words,  the  molecule 
is  resolved  into  the  proximate  substances  of  which  it  was  first  com- 
posed. Imagine,  further,  these  mobile  molecules  ever  changing, 
giving  to,  and  taking  from,  the  outer  world,  manifesting  by  their 
special  action  on  polarised  light,  and  by  their  reducing  influence  on 
salts  of  silver,  the  intense  molecular  activity  that  undoubtedly  pre- 
vails, and  one  has  a  glimpse  into  the  inner  world  of  living  matter.* 
Let  us  return  to  the  cell.  During  the  last  ten  or  twelve  years, 
and  especially  during  the  last  three  or  four  years,  important 
advances  have  been  made,  more  especially  as  to  the  structure  of 
the  nucleus  and  the  functions  which  it  performs  in  the  reproductive 
processes  of  the  cell.  It  is  at  this  stage  that,  if  one  wishes  to 
appreciate  the  true  position  of  the  cell  doctrine  at  the  present 
time,  he  must  study  the  mode  of  the  genesis  of  cells, f  starting 

*  The  researches  of  Loew  and  Bokomy  in  Die  chtmische  KroftquelU  im 
Leben  den  Protoplcum,  Munich,  1882,  are  well  worthy  of  study.  As  to  the 
nature  of  living  protoplasm,  see  also  PflUger,  Archiv.  vol.  x.,  p.  251.  The 
important  researches  of  SchUtzenberger  on  the  chemical  nature  of  albumen 
have  also  a  bearing  on  this  question.  See  analysis  of  these  in  WcUt«^ 
Diet.  o/Chem.,  vol.  viii.,  p.  1682. 

f  Dr.  Martin  Barry  was  one  of  the  earliest  in  this  country  to  take  this 
view  of  the  question.     See  Ooodsir's  Anatomical  Memoirs,  vol.  ii.,  p.  391. 
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with  the  changes  in  the  ovum  before  and  after  fecuudatioo. 
Before,  however,  entering  on  this  difficult,  though  profoundly 
interesting,  subject,  let  us  turn  our  attention  to  the  remarkable 
observations  that  have  recently  been  made  on  the  structure  of  the 
nucleus,  beginning  with  the  appearance  of  a  work  by  Professor 
W.  Flemming,  of  Kiel,  in  1882.*  In  this  work  Flemmiug  gives  a 
historical  account  of  previous  observations,  and  he  applies  a  new 
nomenclature  to  the  diOerent  ports  of  the  nucleus  that  can  be 
revealed  by  high  power.  Re  says  that  three  substances  exist  in 
a  fully-formed  nucleus — first,  a  reticular  network  of  fine  fibres  j 
second,  nucUoU;  and  third,  a  nviclear  Jiwd  or  intermediate 
substance,  the  whole  being  surrounded  by  a  mewbrane — the 
membrane  of  the  nucleus.  The  network  he  calls  Karyomiton, 
(Kofvov,  a.  kernel,  /tiros,  a  thread),  as  opposed  to  the  Kytomyton, 
{kvtos,  a  cell),  or  network  in  the  body  of  the  cell.  The  meshes  of 
the  network  vary  in  siee,  they  are  sometimes  uniform,  sometimes 
irregular,  and  they  often  present  nodosities  or  sweilinga  at  the 
points  where  the  fibres  interlace.  The  fibres  forming  the  network 
are  fixed  iy  acids,  chloride  of  gold,  and  alcohol,  so  as  to  become 
more  apparent.  The  substance  forming  the  fibres  has  a  strong 
affinity  for  colouring  matter,  and  on  account  of  this  property 
Flemming  has  termed  it  chrojoatin  ;  but  tt  is  important  to  note 
that  this  word  has  more  of  a  morphological  than  of  a  chemical 
significance,  and  does  not  involve  any  theory  as  to  its  chemical 
character.  Flemming  has  also  corroborated  an  observation  first 
made  by  Balbianif  that  the  fibres  of  chromatin  in  the  nuclei  of 
the  salivary  cells  of  the  larva  of  Chironomua  (a  Tipttla,  an  insect 
resembling  a  gnat)  show  a  transverse  striation,  indicating  the 
existence  of  segments  of  different  constitution.     (Fig.  3.) 


Fig.  3. — Cellfrom ayoungembryootffjrfropftiliupMCeiw.  me, Cellulir mem- 
brane ;  pc,  protoplasm  ;  mn,  membrane  o£  naclaus ;  bn,  nuclear  thread 
or  filament  striated,  immersed  in  a  finely  granular  plasma.    (Cariioj/,J 

*  Flemming.  ZrlUitbilance,  Kern,  vnd  ZclUheilnng.     Ijcipiig,  1882, 
t  Enlbiani,  Sar  la  >t,-w:lure  da  noyau  <fei  ttilitUi  taUvnireg  chts  Uk  larvttde 
Chironomut,  Zool.  Anitiger,  1881. 
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In  the  meshes  of  the  reticulum  lie  one  or  more  nucleoli,  small 
portions  of  nuclear  substance  of  distinct  constitution  from  that 
of  the  reticulum  or  of  the  nuclear  fluid.  Thej  are  not  to  be 
regarded,  however,  as  variable  fragments  of  nuclear  matter,  but 
as  specific  products,  the  result  of  those  molecular  actions  of  which 
the  nucleus  is  the  seat.  Flemming  holds  that  these  minute 
structures  have  probably  a  determinate  physiological  purpose. 
Further,  he  states  that  there  are  differences  between  the  nucleoli 
of  the  same  nucleus,  classifying  the  larger  and  more  regular 
in  appearance  as  principal  nucleoli,  and  the  others  as  accessary 
nucleoli.  There  are  also  differences  between  the  nucleoli  of 
different  cells,  more  especially  as  regards  the  existence  in  them 
of  minute  vacuoles,  or  round  spaces.  He  has  also  noticed 
extremely  slow  changes  of  form  in  the  nucleoli  of  certain  living 
cells.  In  the  changes  attending  the  division  of  the  nucleus  in 
cell  division  the  nucleoli  disappear,  and  after  cell  division  they 
reappear.  Flemming  is  of  opinion  that  their  disappearance  arises 
from  a  distribution  of  their  substance  through  the  nucleus,  and 
that  their  reappearance  or  genesis  is  a  function  of  the  reticular 
network.  He  has  also  observed  that  in  general,  but  not  always, 
the  absolute  volume  of  the  nucleoli  is  proportional  to  the  volume 
of  the  nucleus.  Finally,  in  the  nuclei  of  the  cells  in  the  salivary 
glands  of  Chironomus,  the  chromatin  appears  as  a  filament  instead 
of  a  reticulum,  and  Flemming  states  that  the  ends  of  the  filament 
are  attached  to  the  nucleoli.     (See  also  Fig.  3.) 

Flemming  has  observed  in  the  great  majority  of  nuclei  a  limiting 
membrane,  or  envelope,  and  he  distinguishes  in  some  cases  an 
achromatic  and  a  chromatic  membrane.  The  first — the  achromatic— 
so  termed  because  it  does  not  stain  readily,  is  found  in  the  germinal 
vesicle  or  nucleus  of  many  ova.  The  chromatic  membrane  is 
sometimes  perforated  by  small  holes,  and  according  to  Frommann, 
Klein,  and  others,  anastomoses  of  the  intra-nuclear  and  intra- 
cellular networks  may  thus  exist* 

Lastly,  the  nuclear  fluid  is  probably  a  solution  of  saline  matters, 
along  with  albuminous  and  other  organic  constituents. 

As  I  have  detailed  these  characters  according  to  the  descriptions 
of  Flemming,  it  will  have  been  evident  that  the  nucleus  is  not  the 


*  It  is  unfortunate  that  the  terms  chromatic  and  achromatic  have  been 
introduced  in  the  terminology  of  nuclear  structures,  as  these  words  have 
a  definite  meaning  in  physical  science,  employed  in  describing  other 
phenomena. 
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Xbus.  wi:iL  tgfeciaice  co  liie  2;]bs.ire  of  ihe  libnxB  appeuanee  aeesk 
in  zLocieu  cbeerrers  bxat  be  <imji;2ed  in.  cwo  cLaaaca:  lac,  Tbose 
who  fcLlow  Fletnn:::!!^  in  regarding  h  as  a  redcuhuB  or  netwoi^, 
namelj.  Plczner.  Recziss.  LeT'ii^  Taa  Bmeden.  «kc:  and  2nd, 
thflfle  wno  bold  the  redcniaced  appearance  co  be  due  to  die  pre- 
sence in  die  cTioIeos  of  a  coiled-^p  nlamenc  namelj.  Strasburger, 
Bti^humi,  CamoTy  i:c  Meet  of  chotse  in  xhe  txist  eategvxy  agree 
in.  che  z<eneral  descri(.>uoa  of  a  reciculunu  buc  ther  didfer  as  to 
terminer jST.  and  as  to  certain  minute  details  of  stmctiire  wbicb 
the  ohtterrer  believes  he  has  demonstrated.  Thus;.  H  van  Beneden^f 
in  his  researches  on  the  fectindadon  of  an  intestinal  worm  found 
in  die  horse,  Ascari^  7ne*/aiocff.'iuu\K  describes  tbe  nadeos  as  con- 
aisdr*^^  of  a  membRine*  wi:hin  which  there  is  a  network  of  cbro- 
oiadn,  containing  in  its  meshes  a  tluid  substance.  Tbe  whole  of 
this  mass  forming  the  membrane  and  reticulum  be  calls  nwcZeo- 
ptamOj  and  he  describes  it  as  consist izig  of  two  portions :  1st.  An 
achroTnatic  substance  arranged  in  tine  moniliform  filaments ;  and 
2nd.  a  chromatic  substa/ice  which  is  imbibed  br  tbe  membrane 
and  bj  the  reticulum,  and  which  also  fills  the  meshes.  Further, 
be  supposes  that  each  fibre  or  filament  consists  of  numerous  minute 
bodies^  nucleomfierosomaia  (readily  stained),  between  which  the 
chromatic  substance  exists,  and  the  more  elonirated  fibrils  he  terms 
nticlear-threckh. 


du  Noyau  CeUulain  a  Vetat  de  Repos.    Gand,  1SS3.    At  the  end  ol  this 
little  work  there  is  an  excellent  Bibliography. 

t  E.  Tan  Beneden.     Recherche^  stur  ia  Maluratian  de  Casvf  la  F6comdaiiom 
€t  la  Ihvmon  celltiiairt.    Gand,  1S$3. 
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On  the  other  hand,  Strasburger*  describes  a  nucleus  as  consist- 
ing of  nucUoplcbsm  (or  Karyoplasma),  in  which,  as  in  Kytoplasma, 
there  are  two  matters:  the  ntLcleomicrosomctta,  taking  up  pig- 
ment^ and  the  nucleohycUoplasma,  which  is  not  stained.  The 
nucleoplasma  is  an  elongated  filament,  of  variable  thickness, 
crossing  in  loops  in  all  directions,  and  thus  giving  rise  to  the 
reticulated  appearance. 

Balbiani  describes  the  chromatin  in  the  germinal  vesicle  of  the 
rabbit  as  eziBting  in  the  form  of  a  cord,  and  in  Chironomua  the 
cord  is  striated  as  if  it  were  composed  of  discs.  This  cord  is 
thrown  into  folds,  or  it  may  be  broken  into  fragments,  and  the 
fragments  lying  loosely  together  give  rise  to  the  appearance  of  a 
reticulum. 

Arnold  Brass,!  of  Marburg,  takes  a  somewhat  different  view  of 
the  constitution  of  the  chromatin  filament.  He  says  it  is  the  seat 
of  metamorphoses  by  which  it  may  vary  much  in  consistence,  so 
that  sometimes  it  may  be  squeezed  out  of  nuclei  into  long  filaments. 
Further,  he  holds  that  the  chromatin  filament  is  not  one  substance, 
but  a  mixture  of  various  substances,  as  he  does  not  find  the  re- 
agents he  employs  act  upon  it  uniformly.  If  it  be  in  a  state  of 
solution,  then  there  may  be  no  appearance  of  structure  in  the 
nucleus,  and  it  may  be  called  a  homogeneous  ntideus  (a  condition 
rarely  met  with);  or  it  may  appear  in  the  form  of  granules  or  fila- 
ments which  may  either  anastomose  or  form  one  long  coiled-up 
filament. 

In  a  recent  research  into  the  nucleus  in  many  cells  of  Proteus 
and  of  Triton  crUtatua,  Rabl|  has  observed  that  the  reticulum 
of  the  epithelial  cells  of  the  bladder  is  slight  and  delicate,  whilst 
those  of  the  muscular  cells  in  the  same  organ  are  more  massive, 
and  he  remarks  that  this  may  have  a  genetic  significance. 
Further,  this  author  has  attempted  to  classify  nuclei  according 
to  the  nature  of  the  reticulum.  Thus  we  may  have  a  reticulum 
with  nodular  swellings  at  the  junctions  of  the  fibres,  but  without 
nucleoli ;  a  reticulum  with  nucleoli ;  or  there  may  be  a  coiled 
filament. 

*  Strasborger,  Archiv.  /.  ntt^.  AncU.,  1882,  1884;  also  Neue  UrUeraueh- 
ungen  Hber  den  Befruchtunga  Vorgang  hei  den  Phaneroganen  aU  Orundldge 
fur  une  Theorie  der  Zeugung,    Jena,  1884. 

f  Arnold  Brass,  Die  OrgcuiUation  der  thieriaehen  ZelUy  1884 ;  also  Lehr- 
bueh  der  Hiatologie  dee  Menacheny  op.  cU.,  p.  21,  et  aeq. 

X  Carl  Rabl,  Ueher  ZelUheUung,  Morphol  Jahrhwh,  1884. 
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Cunof*  describes  a  nudetiB  as  a  kind  of  little  cell  coataining 
a  oord  or  ooiled  filament  of  nuclein.  Each  nuclena  haa,  then. 
(1)  a  protoplasmic  body,  and  (2)  a  portion  formed  of  naclein, 
which  ia  the  chromatin  of  Flemming.  He  also  terma  the  proto- 
plaimic  portion  KaryopUiema,  a  hyaline  mass,  homogeneooa  in 
»[i[)earance,  and  having  granules  interspersed.  Camoy  sums  up 
his  conclusions  as  to  the  first  constituent,  the  nuclein  (or  chro- 
matin), in  the  following  propositions  ; — 

1.  In  typical  nuclei  the  element  nuclein  presente  a  filamoDtoaa 
form  ;  it  is  composed  of  a  continuous  or  coiled  filament. 

2.  The  chromatic  reticulum  of  Flemming  is  only  an  appearance 
due  to  the  regular  cros^g  of  its  conrolutions,  rarely  to  their 
temporary  union.     (Fig.  i.) 

A  / 


Pig.  4,— Two  nncloi  of  tho  epldermiBof  Salamafidra  momlala.  A,  Nndeu 
at  tMt.  Tho  nuclMr  flUment  fonni  a  network  by  the  ooQTolntfoni  batng 
(ii*ocl  an  u  to  prcMDt  thickenings,  itr.  A  >,  naoleiu  b«for«  diTision,  or 
Knrycikinclto  )irDocBi.  The  tUament  seen  in  J  is  now  swollen,  snd  its 
i-ulivuhitlous  an  ssparated  »o  that  one  long  ooiled  filament  is  seen. 

— (Camoy.J 
n.  1'hn  nucloar  filament  ia  subject  to  profomid  changes.     Thus 
H  rimy  bn  broknii  into  fn^pneuts,  or  even  into  spherules,  whilst  it 
limy  >ll>Mi)l\ti  and  totally  disappear. 


*  I  'kt-iiiiy,  liti  ltuil«-iit  ffUnlaitt.     Reference  is  also  made  to  the  m^nifi- 

It  iiioiioiiinplin  ill  1^  (V'/H/r.  (land,  poblishixl  daring  the  last  few  years. 

No  lii«r«  ulilhinit  tMllmnny  «>u1d  b«  girta  ta  the  importuioa  attached  to 
III*  cliK'I.UIi'm  of  thv  RlniiHnrv  of  the  «11  tluui  the  appearance  of  the  parts 
Bt  ilii*  *.nV  IV«m  Urn*  tn  lim*  Mrtn*.  hs  CUmiiie  J,  R  Csnio;  is  Pro. 
Ihom  .m  Ukiijxuk  fM,l.»l.*lWi  tn  th*  C*Uiol>c  Cmrarsity  of  LoaTain,  and 
lhi>  .sii.ti llwtlKiiii  h«>-e  lK*n  m«d«  hy  himself,  along  with  some  of  hii 
i>.>1li>«li>iM  Kii'l  pii|iilK,  In  [»rtiou1ar,  I  havr  piiMd  moch  infonnation  from 
|.)i«l.tn.ml>i)i|W|>o«-  l.A  fvit^i-i-^  rkr:  Iff  arsiropodt.  by  Canoy.tom.  i, 
»•»■  I.  aii.l  li,  (  HH.h  rti.»,w,>v  rf*  J-i  H-T»Mj«»™.>f  cJia  la  artiropode; 
Ih  «i  illi.-,.!!.  Mm  1.,  !«•.».  I.  a;).)  i». ;  also,  La  eyudiirat.  de  tan/,  by 
fam^i,.  ('W.  11..  !«■.».  I.,  Kiul  hnn.  iii. 
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4.  The  nuclear  filament  ia  structural.  One  may  diBtingiiish  a 
wall,  a  tube,  and  contenta.  Even  the  contents  may  be  organised, 
appearing  in  the  form  of  discs,  &c. 

5.  Usually  the  nuclear  filament  does  not  occupy  a  determinate 
position,  but  it  may  be  localised  towards  the  centre  of  the  nucleus, 
forming  a  nucleolus. 

But  the  Earyoplasma,  or  protoplasmic  portion,  of  Camoy,  like 
the  Eytoplasma  (cellular  plasma),  is  formed  of  a  reticulum  and  an 
enehylema  (x.v\Gi,  jnice  or  moisture  of  plants,  afterwards  applied 
to  animal  fluids,  such  as  chyle},  a  substance  in  the  meshea,  or  the 
intermediary  substance,  or  nuclear  fluid  of  other  authors.  (Fig.  5.) 


Fig.  5. — Cell  and  topical  nnclensof  the  intestmal  epithelium 

mc,  cellular  membnuie;  p<:,  cellular  protopUsm  :  obaerve  the  radiating 

reticalnm  with  the  enchylema  or  jnica  enclosed  in  the  meahea ;  mn, 

membnuie  of  the  nuoleus;  pn,  pliunui  of  the  nucleus:  here  observe,  also, 

a  reticnlnm  tnd  plasma,  diatinct  from  Ihoae  of  the  protoplaam ;  bn, 

continnouB  nuclear  thread  or  Gloment,  contracted  in  the  centre  of  the 

nucleoli  mi  showing  namerous  loops.     (Camoy.) 

One  other  research  it  is  important  to  notice,  as  it  relates  to  the 

chemical  nature  of  nuclear  matter.     In  1871  Miescher*  found  in 

the  nuclei  of  cells  a  substance  to  which  he  gave  the  name  nuelein. 

It  has  been    iBolat«d  from   pus  cells  in  sufficient  quantity  for 

purposes  of  analysis,  and  appears  as  a  greyish  mass,  insoluble  in 

dilute  hydrochloric  acid,  but  soluble  in  a  weak  solution  of  caustic 

8od&     The  aualyses  given  by  Miescher  of  the  nuctein  from  salmon 

•  Miescher,  Verhandl.  d.  natar/.  Ots.  in  Battl,  1874. 
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aulr.  mil  iv  E;cc«<>rrjflr  :i  ia»»  x-Dnian.  :f  pas  ce&&.  agree  in 
mo^^vnuc  fmn.  ilt^  »  r ; -•  7«r  kilx  :t  ^maRttorsK.  Further,  in 
"^le  nniTiViTi  at  j^ii  :r  <^£;£:,  Wrc^tMi— *^  i:it3ii  2*^  -"61,  and 
r*}  T«r  gfnn.  it  ^i:».tsciij:raa.  li  I^^-  Ami  I>^3  Zadurias* 
y!D»tar«**i  Xje^iciiisr*  :t:j!**nri:LLuc:j*  .a  i.Ti:i>iL3.  iiilj  xac^  tre  methods 
It  jiiirn  ziis&iiui  :c  aiiurr'^ciiHnjjficrT,  kii*  n*  atti't^  At  the  impor- 

imuiii  i:"'«-s  "Lie  iaouf  r«*ii*:«:i«.i;i>  acs^  ziw  a.!*!  :ii*  !ia»:ijeEi  o^  Miescher ; 
icit    1    juuc:m'L,  &  auLCZ'^fr  wiiiL-a  j:^''»»  ii3tfr^iLZ  z^eatxuzc;^     Further, 

ituLtC  riLT.nuknia.  »  irue  sioie  ^.^bCLLH'.-^  is  'i.inltiiz^  He  supposes 
i^t<.  "Uiiu  "n*;  aiiicztirs  itfrrutec  ^•ar'rmik-:  ^  ":y  5^.tiiioiizi^*re  probably 


If  ▼»»  ATirfni^c  Z'}  iiiik*i  .&  ■rritn-'al  •KcLuiiw  :£  the  resalu  of  these 

amnHT^u*  lh"  f!?c:tc-4^«:n^  we  ^imr  -^iktii  ::ae  5:il«:wji;x  coiiceptiOD 

Tt   fc  a«ii:iKa:i.— *  1     I::  *s  i  sniiiH  r-^ozti  :r  o'^kl  'xhij^  hii^.*!!!^  an 

•Hi'''i»-c*;   :r  iikox  jrijie.   xiii  o;a*aLj:^ii:  ^  r^ciciuuiu  or  network, 

ai  "uiii  Tit^i»  •;!:  wan-'ii  tuier*?  2>  ^  ^ou-diiii  amrwr :  • -•  in  some 

•at****  p».*5j>i'}iy  La  il!.  ac  l  indru^te  p«*nt:ii   a  ".nf   ire  ^}i  tiie  cacleos* 

ioaot'-iit  jC  1  recii-'U-l'iai  there  uiav  *>e  x  «,x'L*fi!  xiiaieac  or  a  aeries 

of  iianma'a^  ncc  uiikjcoiiioiiinii:.   icaCL:j:i  iii  -i  aaciear  tfuid:    <5) 

TH  me  aiiicter  P:niiii:ic  the  retici  u*u.  or  5r?mi;':i:  the  rilaaieat  or 

liiimtiiir:-*..  tue  aajie  •:iii-»?njiiti;i   uidv  !je  ^'VHtu  inoanach  as  this 

»>:a»iil''  take^  up  '^.-it'iirTiic  ruatrers  :    ^ac  jsj  ^r:i:r\:r.*r  tiiiids  do  not 

zmt  tne  wa«,ie  ot  tiie  --iif^.'m.i'iii  i'iiiueac  m::i:rTuiy,  it  is  highly 

piTji]»4.ie  tiiat  latjcuer  >u  j^CiMioe  eii>^Ci>  m  -iie  ohn»iuiicin  dl^unent, 

:knu  m  tne  aiemoruie  Jt  the  aucteus*  ^-'ich  *iitiv  oe  cnjvisionallT 

•lernae*!  fcciirfjuiutiii,  ^id  which  p*'5>i^l■nv  dji'mjs  the  onpwiic  biiss^  <rf 

tile  whuie  «rueture  ;  ^4'  to  the  >euii-duni  'jiacter  cue  niuue  o£ 

nucitiJir  dii:«!  may  ')e  ^iveu  ;    .3     iu  :he  Mie^iu*^  ot  the  nfticolum. 

or  in  tne  c«jiLs  )i  tiie  diaiiiemu  there  *ii»iv  -^e  «jiie  or  more  small 

hoiiies  inu«u?«  ii     which    i^Lvur  to  '^e  «>t  tiie  siuiie  nacxire  as  the 

coromaan  diaiuiMic,  ')ut  i»aich.  t"«»iii  t:it*ir  'iUiform  presence  in  the 

nuclei  or  certain  •-•eiJiH  aad  r^jiu  tiicir  'jeiia-.  tour  iu  tiie  process  o£ 

i^il  •iivih-i»>a.  .»re  pr».>inii>iv  portitMis  ot  uuciear  matter  hiivin^  a 

special  DuvsiuIoicM-u  >ii;i'i;;ica:ice,  xt  p!^>euc  vHiiv  o.mectural :  and 

♦5 1  there  is  no  aijjmiute  pnjot  :hac  tiiere  is^aiiy  couiiectioa  between 

*  E.  /^ai  hariatf>  C'^/f*  •irn  i^t^^*>r♦^  i)ui.  ^t<*.,  ljj{>2,  lAau.  C'-.o^r  Et 
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the  chromatin  filaments  in  the  nucleus  and  the  network  of  fibres 
in  the  cell  substance  outside  the  nuclear  wall. 

Such  being  the  structure  of  the  nucleus,  the  next  and  most 
important  question  is — What  part  does  it  perform  in  the  process 
of  cell  division  ?  It  was  in  1841  that  Martin  Barry*  first  observed 
that  the  division  of  cells  was  associated  with  division  of  the 
nucleus,  and  for  many  years  it  was  supposed  that  this  was  simply 
a  fission  of  the  nucleus,  followed  by  a  fission  of  the  whole  cell,  so 
that  the  daughter  nucleus  was  contained  in  the  new  ceU.  It  was 
also  observed  that  in  many  tissues  nuclei  might  apparently  divide 
without  fission  or  division  of  the  matter  in  which  they  existed,  so 
that  certain  cells  or  tissues  contained  several  nuclei.  The  simple 
division  of  the  nucleus,  without  any  changes  occurring  in  that 
structure,  and  followed  by  division  of  the  protoplasm  of  the  cell, 
is  called  akinetic,  or  direct  division  (kii^co),  to  move,  to  set  a-going). 
A  better  term,  I  think,  is  that  suggested  by  Camoy,t  Karyo- 
etenceia  {Kopvov,  a  kernel ;  (rrct^bxri?,  a  being  straitened ;  otcvoo),  to 
make  narrow).  This  mode  of  division  has  been  observed  by 
Kanvier  in  the  leucocytes  of  Siredon  pitfciformis;  by  Lavdowski 
in  the  leucocytes  of  other  Batrachians;  by  Nussbaum  in  the 
regeneration  of  epithelium  of  the  cornea  of  the  frog;  by  E.  van 
Beneden  and  C.  Julin  in  the  multiplication  of  the  spermatomeres 
of  Ascaris  megalocephala ;  by  Sabatier  in  the  spermatogenesis  of 
decapods ;  and  by  Camoy  in  the  fat  cells,  muscle  cells,  and  in 
other  cells  of  Arthropods.}  It  appears  also  to  be  the  mode  of 
division  of  the  parenchyonatous  cells  of  plants,  of  certain  Algae, 
and  of  the  Infusoria.     (Fig.  6.) 


Fig.  6. — Direct  cell  division,  or  Karyostenosis — a,  fully  formed  cell;  6, 
beginning  of  division  of  nucleus  and  also  of  cell  substance ;  c,  division 
of  nucleus  and  of  cell  substafice  complete ;  d,  formation  of  two  new 
cells. 


•  Martin  Barry,  PhU.  Tram,,  1839,  1840,  1841. 
t  Camoy,  La  CeUuUy  torn,  i.,  fasc.  ii.,  p.  409. 
X  Quoted  by  Camoy,  La  Cellule,  op,  cU.,  p.  409. 


88  Philosophical  Society  of  Glasgow, 

The  other  mode  of  division,  sometimes  called  indirect  division, 
or  Karyokinesisy  a  term  first  used  by  Schleicher,  was  first  described 
by  Professor  Btttschli,*  of  Heidelberg,  in  1876,  as  occurring  in 
the  cells  of  the  testis  of  Blatta  germaTuca,  in  two  blastodermic 
cells  of  Musca  vomitoriaj  and  finally  in  the  parthenogenetic  ^g 
of  Aphis,  Since  then  this  mode  of  division  has  been  found  by 
many  others  in  organisms,  both  plant  and  animal.  It  appears  to 
be  common  in  the  Vertebrates,  and  may  be  readily  demonstrated 
in  the  epidermal  cells  of  Amphibians.  The  process  may  be 
described  as  follows,  with  the  use  of  the  terms  suggested  by 
Flemmingt : — ^The  chromatin  of  the  nucleus  is  increased,  and  is 
developed  into  a  complexly  coiled  thread,  called  the  spirem 
(aweCp'qfjLa,  a  wreath,  a  coil,  or  spire),  while  the  nucleoli  and  the 
membrane  of  the  nucleus  disappear.  The  thread  is  next  divided 
into  portions  which  assume  the  form  of  loops.  These  are  at 
first  placed  irregularly,  but  they  are  soon  arranged  in  such  a  way 
that  the  tops  of  the  loops  are  turned  towards  the  clear  middle  part 
of  the  nucleus,  while  the  free  ends  of  the  loops  are  directed 
towards  the  circumference.  Tliis  form  is  termed  the  aster  (oor^p, 
a  star),  or  garland.  The  loops  are  next  divided  in  the  direction  of 
their  length,  whereby  their  number  is  doubled,  but  the  loops 
themselves  become  thinner.  Then  the  loops  are  collected  towards 
the  middle  or  equator  of  the  nucleus,  so  as  to  form  a  flat  body 
around  it,  called  the  equatorial  plate.  Shortly  afterwai-ds  the 
loops  separate  into  two  groups,  each  group  retreating  towards  the 
pole  of  the  nucleus,  giving  rise  to  the  barrel-form  or  pithode 
(iriOw&ri's,  like  a  cask).  The  groups  of  loops  now  separate  still 
further,  and  having  the  closed  ends  of  the  loops  towards  the 
poles,  give  rise  to  a  double  star,  or  dyaster.  Then  there  begins 
at  the  equator  of  the  cell  a  division  of  the  protoplasm,  which 
leads  to  its  complete  separation  into  two  equal  parts.  The  groups 
of  loops  again  become  irregularly  coiled  up,  like  a  clew,  giving 
rise  to  an  appearance  called  dispirem^  and,  finally,  these  remark- 
able movements  subside,  and  the  threads  of  chromatin  again 
assume  the  form  and  arrangement  seen  in  a  nucleus  in  repose. 
The  duration  of  this  process  has  been  ascertained  to  be  as  short  as 
half  an  hour  in  men,  while  in  Amphibians,  where  it  is  most  easily 
studied,  it  may  occupy  five  hours.     According  to  Carnoy,  several 

•  Butschli,  Stxtdien  uber  die  ersten  Entwicklungstrscheinungen  der  Eizelle, 
du  ZeiUheilung  und  die  Conjugation  der  In/usorien.     Frankfort,  1876. 
t  Flemming,  2fell8nbstance,  die,  op,  cit. 
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of  these  changes  may  be  omitted,  and  he  states  that  there  are 
many  gradations  between  the  karyostenotic  and  the  karyokinetic 
modes  of  nuclear  division.     (Fig.  7.) 


o 


Fig.  7. — ^VieWB  of  the  yarioas  stages  of  Karyokinesis,  or  diTision  of  the 
nacleii8»  from  a  section  of  the  epidermis  of  Triton  tceniatuSf  x500. 
1.  Two  epithelial  cellsi  in  which  are  seen  the  nadens,  the  membrane 
of  the  nucleus  km,  and  the  dark-coloured  network.  2.  Disappearance 
of  the  nuclear  membrane — Spirem.  3.  Nuclear  threads  in  groups  and 
having  the  loops  dividing  at  the  centre  c,  or  at  the  periphery  p,  4. 
Montuter,  in  which  the  loops  are  directed  to  the  centre.  5.  The  loops 
are  thin'and  very  numerous,  in  consequence  of  division.  6.  .Equatorial 
Plate,  7.  Barrel-form,  8.  Dyaater,  9.  Contraction  of  the  protoplasm 
of  the  cell ;  both  the  neighbouring  cells  show  nuclei,  the  network  in 
which  is  not  distinguishable.  10.  Complete  division  of  the  cell,  the 
nuclei  in  which  have  not  yet  returned  to  the  original  resting  condition 
seen  in  1.    {Stbhr,) 


Having  thus  endeavoured  to  give  a  concise  account  of  the 
modem  views  held  as  to  the  nature  of  protoplasm,  cells,  and 
nuclei,  I  shall  content  myself  in  this  paper  with  placing  before 
you  a  short  description  of  the  chief  changes  that  have  been 
observed  in  the  process  of  fecundation  by  which  the  primitive 
cells  of  the  body  are  formed,  because,  as  I  previously  remarked, 
the  phenomena  of  fecundation  and  those  of  cell  division  ought  to 
be  studied  together  if  one  desires  a  comprehensive  view  of  the 
subject.  It  is  of  course  well  known  that  fecundation  consists  in 
the  blending  of  the  male  and  female  elements.  Strictly  speaking, 
it  may  be  now  defined  as  the  blending  of  two  nuclei,  one  derived 
from  the  female,  and  the  other  from  the  male  parent  celL 


^^  MiloM>pWoa2  SoeiHy  of  Gkugaw. 

TW  Male  eteanent  is  represented  by  the  fpenmalasML^  first  dis- 
<oxvrNi  bv  LcMiis  Ham«*  a  papil  of  Leeawenhoek,  in  1677,  and 
f£»^  spematOBMds  of  mammals,  birds,  fishes,  molluscs,  and  of 
c^Ktaia  insects  were  described  by  the  latter.  They  were  then, 
ashi  f.M^  many  years  after,  termed  animalcules,  but  Bufibn,f  with 
t9ic«^  insaL^hts  applied  the  name  living  molecules.  It  was  many 
x>Na^  W^Y>^  the  idea  of  their  indi^-idoality  as  specific  oi|;anisms 
was  aKuH^Mted,  aiHi  it  was  iH>t  until  the  obsenrmtioiis  of  Prevost 
aTKi  Furnas:  in  K<24>.  of  KollikerS  in  1S4L  and  of  Newport||  in 
tV  \y<ar  ISsH)  that  thetr  true  pcisitiiHi  as  ocmstitQent  elements  of 
t>ie  K^^  wa»  nKV^\i9ir«i  Tbeir  de\>e4opme9Dt  was  first  traced  to 
^>tt>e  ext^rwt  by  Von  :^^Kvvi^  and  Le«ckari**  in  1836;  in  1846 
K>C;ker  £r$t  assiNted  that  tbey  wtnre  esser.tzaDy  nuclei  developed 
\«  \ve^AX^  ce^U  of  ti>e  te«»«.  At  first  KtCiker  b^  that 
iV\  %>rTe  ^>v4v>|W  i^>  ti>e  ir.Tiesr>»>r  of  ixitv-*>L  bat  as  Henletf 
xr,  l$»M  sh.^>«vd  t^At  »v>t  oc.V  t>je  r.^cOe«s  bet  purt  o£  the  proto- 
|siAs:^,  *>*  t>>^  <r^l^  ^fivrti;:r,^  tlv  tadl  twv^  p*ri  is  their  evolutioa, 
K,..::i-o<rx  xr,  *NStLJJ  iWKvhSsNi  V.»  £t«  ^ccrj.ic  to  the  extent  of 
>iA,:.  »i  i?»At  tV  ^S.vt'  r.*;jX>rtc*  e-r^T^fo^i  ir-Tc-  \i*e  f.xrmatkn  of  the 
i^v>r^j3M.Jv»,vv*  Ir,  ^>>>  S<*'>^r-:;j:^>r'Sf-,\>t^;§  meirt  a  stjff*  farther, 
jwivfc  4fe5j»fcn^  1  i»*5  TiSf  ^>oir^.»A;v\?,'ii?^  ^Yct  2>*c  meekly  r^aciei  but 
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nuclei  and  nucleoli,  and  an  inner  layer  of  smaller  cells,  which  were 
the  true  sperm  cells.  The  sperm  cells  became  cysts  in  which  the 
spermatozoids  were  developed.  In  1871  Merkel*  described  a 
ramified  set  of  cells  in  the  tubules  which  formed  a  kind  of  support 
or  framework  on  which  the  spermatozoids  were  formed,  and  in 
the  same  year  Von  Ebnerf  developed  this  idea  and  figured 
peculiar  branching  structures  on  which  the  spermatozoids  origi- 
nated. These  outgrowths  from  the  living  membrane  of  the 
seminiferous  tubules  he  called  spermatohlasta.  Each  spermatoblast 
has  a  number  of  rounded  lobules,  and  each  lobule  gives  rise  to  a 
spermatozoon,  the  nucleus  lengthening  to  form  part  of  the  head, 
while  a  thin  film  of  protoplasm  forms  the  tail.  As  the  young 
spermatozoids  develop  they  are  at  first  closely  connected  with 
the  spermatoblast,  but  when  set  free  they  roll  off  into  the  tubule. 
In  1875  Sertoli  J  described  the  development  of  spermatozoids  in 
the  Elasmobranchs  (Sharks,  Kays,  kc. )  He  traced  the  invagination 
of  the  primitive  germinal  epithelium  into  the  underlying  stroma, 
so  as  to  form  a  follicle,  and  in  certain  of  the  cells  of  this  follicle 
— "  mother  cells," — the  nucleus  divided  so  as  to  form  a  number 
of  minute  bodies,  each  of  which  became  a  spermatozoid.  Yon  la 
y  alette  St.  €reorge§  examined  spermatogenesis  in  the  vertebrates  and 
published  his  results  in  1878.  According  to  him,  two  sets  of  cells 
exist  in  the  tubules ;  one  set,  like  young  ova,  he  calls  spermato- 
gonia; these  divide  into  numerous  smaller  cells,  apermatocytes, 
each  of  which  may  form  a  spermatozoid,  as  in  mammals,  or  they 
may  take  part  in  the  formation  of  supporting  structures  or  envelopes 
for  the  spermatozoids,  as  in  fishes  and  amphibia ;  the  other  set  of 
cells  do  not  take  any  part  in  spermatogenesis.  Lastly,  Benson,|| 
in  1882,  describes  the  larger  cells  of  Yon  la  Yalette  as  forming 
cysts  called  apermatogemmcB,  each  containing  a  number  of  nemato- 
hlaats,  which  become  the  young  spermatozoids.  These  nematoblasts, 
when  liberated  from  the  cyst,  cluster  round  certain  elongated 

•  Merkel,  Archiv.f,  Anat,  und  Phydol.^  1871. 

t  Von  Ebner,  Arehiv,/,  AncU.^  1872. 

X  Sertoli,  OazeUe  jnedieale  lomb.,  1875. 

§  Von  la  Valette,  Arehiv.  f.  Micros.  Anaf.,  xii.  and  xv.,  also  article  in 
Strieker's  Handbook  of  Human  and  Comparative  Histology,  vol.  ii.,  p.  131. 

llSee  Patrick  Geddes'  article  Beproduction,  Encycl.  Britan.  Ren  son, 
Arehiv.  d.  Biologie,  1882.  For  an  excellent  account  of  the  literature  of 
mammalian  Bpermatogenesis,  see  Herbert  H.  Brown's  paper  on  Spermato- 
genesis  in  the  Bat,  Quart.  Jour,  of  Micros.  Science,  1885. 
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epithelial  or  supporting  celte,  similar  to  the  spermatoblasts  of 
Ton  Ebner,  and  become  boried  in  the  protoplasm  until  their  full 
development  They  may  even  penetrate  to  the  bottom  of  the 
epennatoblaat  (supporting  cell),  bnt  this  structure  then  grows 
outwards  and  carries  the  spermatozoids  to  the  centre  of  the 
seminiferous  tubule,  where  they  are  finally  discharged. 

Many  other  views  have  been  offered,  but  those  which  I  have 
detailed  may  be  regarded  as  typical  expreesiona  of  opinion  on  this 
difficult  question.  It  is  evident  that  the  spennatozoon  is  a  highly 
differentiated  structure^  requiring  specific  arrangements  for  its 
maturation  and  development.     (Fig.  8  ) 

A 


Fig.  %.—A,  Isolated  element!  of  tlie  testia  of  an  oz.  a.  Seminal  germ 
celU ;  b,  spermatoblast ;  e,  iuilifTereut  seminal  cell ;  d,  torn  off  (?) 
process  of  a  Bpermatoblost;  «,  almost  finished  thread,  with  a  remainder 
of  protoplasm  near  the  middle.  B  and  G,  from  a  section  of  testicle  oC 
ox.  1,  dentinal  germ  cell;  2,  spennatogemme ;  3,  spermatoblast;  4, 
indifferent  seminal  cells,  x240.     [Stehr.) 

Spermatozoids  vary  much  in  form.  The  familiar  type  is  that 
showing  an  oval  head  and  a  long  filament  or  tail.  It  is  remarkable 
that  this  comparatively  simple  form  is  found  both  in  the  higher 
and  lower  groups.  Thus  it  is  met  with  in  the  sponge,  in  medusE, 
in  tape-worms,  and  in  mammals  generally,  including  man.  On 
the  other  hand,  the  spermatozoa  of  various  intestinal  worms 
(asemrisj,  and  of  arEiclinids,  are  irregular  in  shape,  like  aroceboid 
corpuscles ;  in  the  newts  and  salamanders  the  tjiil  may  be  fringed  by 
a  membrane,  and  in  many  birds  the  tails  are  of  enormous  length. 

The  head  of  the  spermatozoon  is  of  special  physiological  import- 
ance because  it  is  the  part  containing  the  chromatin  (or  nuclein), 
derived  from  the  nucleus,  consequently  it  is  readily  stained  with 
colouring  matters.  The  tail  is  formed  of  protoplasm.  Some  have 
described  certain  small  nuclei  in  the  spermatoblasts  that  do  not 
enter  into  the  formation  of  the  spermatozoids,  and  in  accordance 
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with  the  theory  to  be  afterwards  mentioned,  that  all  cells  may  be 
regarded  as  hermaphrodite,  that  is  to  say,  as  containing  both  male 
and  female  elements;  these  have  been  termedfsmale  nuclei.  This 
is  a  very  doubtful  interpretation. 

In  man  the  head  of  the  spermatozoon  is  from  3  to  5*  ft  long, 
and  2  to  5  ^  broad;  the  middle  portion,  that  is  to  say,  immediately 
behind  the  head,  is  about  6  /a  in  length,  and  1  /a  broad,  and  the  tail 
is  from  40  to  50  /i  long,  and  runs  out  to  a  fine  pointf     (Fig.  9.) 


•s 


Fig.  9.— FormB  of  spermatoeoa.  1,  Sponge;  2,  Medusa;  3,  Bothrioeephalui 
(Tape- worm);  4,  Cleta  (chntopod);  5,  Atearia  (Thread- worm);  6,  Moina 
(Daphnid);  7,  Crab;  8,  Lobster;  0,  10,  11,  Plagiattomum  forms  with 
elongated  nucleus;  12,  Salamander;  13,  Ray;  14,  Man;  15,  CobUU 
(Snake  ?) ;  16,  Mole  (P.  Oeddes). 

Spermatozoa  have  remarkable  powers  of  resistanca  The  sinuous 
movements  belong  to  the  tail,  which  pushes  the  head  before  it. 
While  in  the  testicle  these  movements  scarcely  exist,  and  it  is 
only  when  the  spermatozoids  reach  the  fluid  secreted  by  the 
epididymis,  by  the  veewulae  semincUeSj  by  the  prostate  gland,  and 
by  Cowper's  glands,  that  the  movements  become  active,  probably 
owing  to  a  stimulating  action  of  these  fluids.  The  movements 
iDAy  go  on  for  from  24  to  48  hours  after  removal  from  the  body,  if 
in  favourable  circumstances.  Water  arrests  the  movements,  but 
they  may  recommence  on  the  addition  of  very  weak  alkaline 
fluids.     Even  extremely  weak  acids  at  once  kill  the  spermatozoids. 

We  must  now  turn  our  attention  to  the  nature  of  the  ovum  or 
egg.  I    This  is  found  in  a  special  organ  termed  the  ovary,  an  organ 

*  ^  =  1  micro-millimetre,  that  is  to  say,  the  1- 1000th  of  a  millimetre, 
1  mm.  =  l-25th  inch  ;  1  ^  =  l-25000th  of  an  inch 

t  Pbilipp  Stohr,  LehHmeh  der  ffUtologie.    Jena,  1887,  p.  170. 

X  For  a  historical  sketch  see  Allen  Thomson's  article,  Ovurn^  in  Todd^tt 
Offclopadia  of  Anatomy  and  Physiology;  also  Patrick  Oeddes*  article 
Beproduetion,  Encyd.  Britan. 
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for  many  years,  from  the  time  of  Galen  to  the  middle  of  the  17tb 
century,  described  as  Uttea  muliebres.  De  Graaf,*  in  1672,  was 
the  first  to  describe  the  ovary  carefully.  He  described  the  vesicles 
tbat  bear  his  name,  the  Graafian  veaicUi,  which,  however,  he 
regarded  as  ova,  and  he  stated  that  ova  were  structures  to  be 
foand  throughout  the  whole  range  of  the  animal  kingdom.  He 
also  observed  the  ovum  itself  in  the  rabbit.  Little  progress, 
however,  was  made  till  1825,  when  Purkinjet  discovered  the 
fftrnunat  veticU  in  the  ovum  of  the  common  fowl.  Then,  in 
1827,  Ton  BaerJ  traced  the  changes  in  the  ovum  from  the  uterus 
back  to  the  Graafian  vesicle.  Soon  afterwards  CosteS  showed 
that  Purkinje's  vesicle  occurred  in  the  mammalian  ovum,  and  in 
1636  Wagnerll  discovered  the  germiiKil  spot,  sometimes,  there- 
fore called  Wagner's  spot.     From  this  date  until  the  last  few 


Fig.  10.— Ovum  of  Rabbit  from  an  egg  follicle,  2  mm.  Id  diuncter.    sp.  Zona 

pellucidn,  having  at  the  top,  cells  of  the  germinal  epithelitun,  ge.  The 
yolk  ihoim  corpascles  at  deutoplaam,  d.  In  the  germinal  veaicle,  gv,  is 
the  unclear  network,  nn,  with  a  large  Ducleolus,  the  germinal  spot,  gi. 
i  WaUUyer. ) 

*  Uegner  de  Graaf,  De  muliervTn  organis  gmtrationiimtTvientibur,  1672. 

+  Puckinje,  SymholiE  ad  ovi  Biium  kM.,  1825. 

T  Von  Boer,  Kurdaoh's  Physiologie,  vol.  ii.,  1828. 

g   CoBte,  Jirchtrfhft  tiir  la  •jintTatiim  df  mammiferi:     Poril,  1834. 

II  Wagner,  Prod»n>v»  Hiil,  GrniralivnU.     Leipzig,  1834. 


Db.  M'Kbndbick  on  the  Modem  Cdl  Theory,  etc       95 

yean  little  prepress  was  made  in  the  study  of  the  minute 
structure  of  the  ovum,  and  it  was  described  as  a  typical  cell, 
having  a  cell  wall,  the  xtma  pellueida,  or  vitettirte  mtmirane, 
sumnmdiiig  the  contents,  or  yoit,  in  which  lay  embedded  the 
germinal  vwieU,  or  nucleus,  which  had  a  nucleolus — the  germinal 
tpot.  The  oTum  has  shared,  however,  in  the  recent  progress 
made  in  the  study  of  the  structure  of  the  cell,  and  the  structure 
of  nuclei,  and  now  we  know  that  the  nucleus  shows  the  threads  of 
of  chromatin,  or  a  reticulum  with  wide  and  irregularly  formed 
meshea.*     (Fig.  10.) 

The  ovarie»  consist  of  connective  tissue  and  of  a  glandular 
substance.  The  connective  tissue,  forming  the  tlroma  of  the 
ovary,  is  arranged  in  various  strata,  and  contains  numerous 
vessels.  In  the  outer  part  of  the  stroma  is  the  so-called 
glandular  substance,  which  contains  numerous  small  follicles, 
about  36,000  in  the  human  being,  each  having  in  it  a  small  ovum 
or  %K-t  It  is  remarkable  that  at  an  early  period  of  intra,- 
uterine  life,  vast  numbers  of  ova  are  found  in  the  ovary,  even 
during  its  development.  Many  of  these  never  come  to  maturity. 
Most  of  these  follicles  are  extremely  small,  measuring  not  more 
than  40  ^     The  larger  follicles  in  which  the  ova  reach  maturity 


Fig.  II. — From  a  Boction  through  the  cortex  of  the  ovary  o(  a  rsbbit,  x  90. 
1,  Primu7  follicle  ;  2,  follicle  lined  with  a  layer  of  cjrlindrioal  epithelial 
cells ;  3,  follicle  with  stratified  epitheliam.  K,  Qerm  epitbeliam.  T, 
Tallica  albngenim  (alightly  developed).  Th,  Theca  folliculL  Ft, 
Follicle  epithelinm.  Zp,  Zona  pellucida.  D,  Yolk.  Kf,  Qenuinal 
vesicle  with  pnnctiform  genu  ipots.     [SlOhr.) 


a  OB  Ike  egg  of  oukhu  fitha.     PhiL  Tran*.  Ray, 
Soe.,  1867. 
t  Philipp  Stbhr,  op.  eU.,  p.  174. 
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lie  much  deeper.  The  upper  surface  of  the  ovary  ie  coyered  with 
germ  epithelium,  coneiBting  of  small,  short,  cylindrical  cells.  In  the 
embiyonic  period  the  ova  pass  through  only  the  first  stageof  develop- 
ment, and  their  further  development  takes  place  in  the  Graafian 
Tesicles.  In  the  ftetal  period,  and  even  after  birth,  we  find  between 
tho  cylindrical  cells  of  the  germ  epithelium  large  roundish  cells,  pro- 
vided with  a  nucleus  and  nucleolus.  These  are  the  primordial 
ova,  which  have  originated  from  single  cells  of  the  germ  epithelium. 
(£%.  11.)  It  is  important  to  note,  inpossing,  that  this  germ  epithelium 
IB  the  same  that  gives  rise  in  the  male  to  the  cells  that  have  to  do 
with  the  production  of  spermatozoids.    -  (Fig.  12.)     In  the  course  of 


Fig.  12. — Ditgnunmatic  section  throagh  the  poaterior  end  of  » jroong  waim- 
blooded  embryo,  the  apbo)  cnrd  not  shown.  A,  Aorta;  y.  Renal 
cuul;  V,  Veins;  At,  Canal  of  allantoia;  D,  Inteatiaal  canal.  Roimd 
this  is  the  peritoneal  cavity,  and  at  K  the  genoiiial  epitheliom.  W, 
CkdbX  of  the  primitive  kidney.     ( WtUdeger.) 

development  groups  of  cylindrical  cells  grow  up  from  the  stroma  of 
ovary,  so  as  to  enclose  the  primordial  ova.  These  may  even  form 
tubular-like  structures,  called  by  some  German  writers  the  ova 
tubal.  By-and-by  each  ovum  is  surrounded  by  cells,  forming  a 
little  round  body  called  the  primary  follicle,  which  consists  of  the 
ovum  and  of  epithelial  cells  surounding  it.  The  formation  of 
this  follicle  around  each  ovum  is  for  the  purpose,  in  due  time,  of 
ejecting  the  ovum  from  the  ovary.  The  size  of  the  follicle  in- 
creases by  the  multiplication  of  epithelium  cells,  and  by-and-by  a 
space  exists  round  the  ovum,  whicli  is  filled  with  a  fluid,  the  liquor 
/oUieali.  This  liquid  may  be  formed  by  transudation  from  the 
surrounding  blood  vessels,  and,  as  some  have  suggested,  by  the 
disintegration  and  melting  away  of  some  of  the  epithelial  cells. 
We  have  now  a  vesicle  filled  with  fluid,  the  Graafian  vesicle,  having 
a  diameter  of  from  -5  to  5  mm.     The  connective  tissue  forms  the 
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M-aU  of  the  veade.  It  now  wimgigf*-  of  d  i  k  camtef^ve  tassae 
ODveiing,  the  t^ca  foQicmli.  vhidi  is  iumic^  of  two  Rtr&tA,  ui 
ODter  fa^  of  fibrous  tiasne,  tumiea  jShrotBL,  wid  ("i.)  &n  inner, 
turtica  propria,  rich  in  cells  ajid  vesaeL- :  i  - 1  a  liniTig  ci  eusli£ed 
fi^Ucoiaj-  c^tbelimn,  sometJiDeR  c&Iled  niembrtaut  pranviata.  This 
lining  of  ^tbcJia]  Cells  funui>  a  promiiiraic^  at  oae  tjde,  c&Ued 
tJie  ctti^tUvt  tmgemt,  or  digcue  proUperut^  and  tlie  Uver  mmnuMl- 
ing  thf  oruiQ  bas  been  termed  the  ti'iuca  ffroHtdo^a.  The  ^pace  is 
occopied,  as  alreadj  meiitioaed,  bj  the  liquor  joUiculi.  A  fullv 
matare  hanunovnm  mejisore^  in  diameT^r  frum  l-li^oth  t«  l-]oOiJ> 
of  ao  inch.  The  germinaJ  veacle  is  alxiut  tbe  l-500Lh  of  aji  inch 
in  diameter.  It  is  important  to  now-  in  thb  connection  that  the 
bead  of  tbe  epennatozoid  is  tLe  l-€^50th  of  an  inch  in  length  ajid 
about  1-SOOOthof  an  inch  broad,  so  tiiiit  tbe  sii^irf  tbe  makuBcleMr 
element  is  only  aboat  llStb  port  that  of  tbe  femle  nndear 
(K&  13.) 


Fig  13.— Section  of  the  liraatiaa  folliclo  of  a  girl  S  years  old,  x  90.  Th, 
Theca  follicoli.  T/,  Tnnica  fibrosa.  Tp,  Tunicn  propria.  M, 
^lembrana  granalosa— follicular  cpitheliam.  C,  Discua  or  cumulus 
oTigema.  B,  Ovnm,  with  eooa  pellucida,  genninal  voaicle,  and  f^rminal 
spot  The  clear  space  in  the  middle  contains  the  liquor  folliculi. 
<SuAr.) 
Vol.  XIX.  " 
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When  the  ovum  reaches  maturity,  the  Graafian  vesicle  is  full 
of  fluid,  and,  as  already  mentioned,  bulges  out  from  the  surface 
of  the  ovary.  The  vessels  in  the  neighbourhood  of  the  vesicle 
become  much  congested,  and  at  a  given  time  the  vesicle  bursts, 
and  extrudes  its  contents.  This  is  assisted  by  a  rupture  of  some 
of  the  finer  vessels,  causing  a  haemorrhage  into  the  cavity  of  the 
vesicle.  Coincident  with  these  changes,  by  a  reflex  mechanism, 
the  exciting  cause  of  which  is  not  known,  the  end  of  the  Fallo- 
pian tube  is  applied  to  the  ovary,  and  the  ovum  escapes  into  it, 
to  be  carried  to  the  uterus.  During  its  passage  down  the  Fallopian 
tube,  it  meets  witli  the  spermatozoids,  and  tlien  fecundation  occurs. 

The  question  now  arises — What  is  the  influence  of  the  sper- 
matozoid  upon  the  ovumi*  It  is  interesting  again  for  a  moment 
to  notice  the  historical  development  of  knowledge  upon  this  ques- 
tion. The  first  step  in  this  direction  was  made  by  Kolreuterf  in 
1761,  when  he  succeeded  in  artificially  producing  hybrids  by  the 
cross  fertilization  of  plants.  Soon  after  this  Jacobi^  artificially 
fertilized  the  eggs  of  the  trout  and  salmon,  and  in  1780  Spal- 
lanzani§  operated  in  the  same  way  on  the  frog,  the  tortoise,  and 
the  dog.  Curiously,  however,  he  thought  that  the  virtue  lay  in 
the  fluid  and  not  in  the  living  particles.  In  1824  Frevost  and 
Dumas  II  proved  that  the  seminal  fluid  lost  its  eflect  after  filtra- 
tion. Martin  BarryU  observed  spermatozoids  in  the  ovum  of  the 
rabbit  in  1843 ;  Leuckart**  made  the  same  observation  in  the  frog 
in  1849  ;  Nelsontt  in  1852  observed  the  spermatozoids  in  the  egg 
of  Ascaris  mystax;  and  in  1853  KeberJJ  observed  the  actual 
entrance  of  the  spermatozoon  into  the  egg  of  the  common  mussel. 

*  By  far  the  most  elaborate  account  of  the  reproductive  process  in  its 
general  aspect  is  in  Heusen's  monograph,  Physiologic  der  Zeugungt  in 
Hermann's  Handbuch  der  Physiologies  vol.  vi. 

t  See  Patrick  Geddes*  article,  op.  cit.  Also,  Hensen*s  article,  Hermann's 
Handbuch,  op.  cU,,  p.  114.  Kolreuter*s  paper  appeared  in  JHem,  de  VAcad. 
d,  St,  P^tersbourg,  1809. 

X  Jacob!,  Oledi8ch*s  Abhandlung  d.  Berlin  Acad.,  1764. 

§  Spallanzani,  Versudi  Ubcr  d.  Erzeugung  d.  Thiere  u.  Pflanien, 
German  Trans,  by  Michaelis^  1786. 

il  Frevost  and  Bumas,  Ann,  d.  Sciences  NcUurelieA,  vol.  iii. 

%  Martin  Barry,  Phil.  Trans.  Boy.  Soc.,  1843. 

**  Leuckart,  Archiv.f.  Anal,  und  Phys.,  1855. 

•H-  Henry  Nelson,  Pliil.  Trans.  Roy.  Soc.,  1852. 

tX  Keber,  Ueber  den  EiniriU  der  Samemellen  in  das  Ei.    Konigsberg,  1853. 
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§  AiserhftdL  *l**'panr»t{tmjtrhf  .v*  «//»*«.     BticsI&il  1S74. 

1  BBtwcJTili.  .^ri-.   t'.  w  Zr»f*l.  l^Cfu 

^  O-  flfTtirig.  Utizrapt  zur  Krui^inf  an-  Bt^^unn^  ft/rvrhtvnp  ff^n 
Tkolmmg  ac»  Thieritich^m  Eif^  Jf:'-.'/i-  Jaw..  1ST?:  *l«v,  J^cr-pK  Jnhr.^  1$TT» 
1S7S;  aiao.  in  his  most  rer«nt  bocik.  Ij'h'^hvk  d^  En'9riri^iuv(rf»<fr»ch**'kff 
d^r  MtMKAtii  vni  d*T  Wiri*: Sf, tf.r^,     Dnftf  .4?':L,  JcnA»  ISSS. 

**  E.  TMi  Beneden,  Lfa  m.a?«T*7;/ii»  a^   Ta  wt"  ia  fenoni/itian^  et  ff>  p-t- 

Rof.  de  Bel'j.,  1S75;  also,  BtJ*.  Acvi,  i^oy.,  IST6:  *n*i  e^pcciAllj-  hi*  fi»*t 
work,  RetJi^rche*  tmr  In  Ft^^n-miion^  oik  riL  TTw  Utt^r  wv^rk  h**  a  ImUUo. 
gnphj,  p.  417. 

ft  Fol,  Smr  it  pkemoutfn^  imfimr*  de  in  Troon  m/^ow,  C\>»)»vr*  tvo*;?!***  AVr. 
1877;  Compteirmdm*,  Oci>,  IS76;  ArcMir,  derSc.  Ph^iA,  H  X<tt.^  ISTT;  .V**»»^ 
dflaSoe.de  P*yt.  H  dHiM,  Xat  de  Oerire,  1S79, 
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the  merit  of  demooBtrating  that  the  second  nucleus  was  the  head 
of  the  Bpermatozoon.  Further,  0.  Hertwig  at  first  supposed  that 
the  other  nucleus  was  the  germinal  spot  of  Wagner  set  free  b; 
the  destruction  of  the  germinal  vesicle.  This  error  was  pointed 
out  by  Van  Beneden,  and  O.  Hertwig  accepted  the  correction, 
with  the  result  that  the  other  nucleus  was  soon  shown  to  be,  as 
Batscbli  had  previously  conjectured,  the  germinal  vesicle.  The 
diBtinguished  Belgian  naturalist,  K  van  Beneden,*  early  re- 
cognised the  importance  of  these  observations.  In  1875  he 
described  the  fusion  of  the  nuclei,  and  expressed  the  opinion  that 
in  the  fusion  of  the  two  nuclei  there  was  a  phenomenon  com- 
parable to  the  conjugation  of  the  Protozoa  an3  Protophyta ;  and 
in  liis  magnificent  monograph  on  the  fecundation  of  Aararia 
TMgalocephala  (1883)  he  has  largely  advanced  our  knowledge  of 
the  subject.  Although  the  entrance  of  the  spermatozoon  had  been 
previously  observed,  no  specific  changes  were  immediately  noticed. 
This  was  reserved  for  Fol,t  a  Swiss  naturalist,  who,  in  1877, 
observed  the  entrance  of  the  spermatozoid  into  the  e^s  of  Atterias 
glacialia  (a  star  fish),  and  of  various  species  of  Echinut  (sea  urchins), 
and  he  studied  and  figured  the  phenomena  that  ensued.  These 
observations  have  been  confirmed  by  many  naturaliats.     (Pig-  1*-) 


Fig.  14.— Fecundation  of  the  eggs  of  Aetrriat  glacitUit,  up.,  Spemintozoon. 
The  aperm&tozoids  are  in  the  mucus  covering  the  egg.  At  ^  a  sperma- 
tozoid hasrettched  the  periphery  of  the  yolk.  AtB  several  are  moving 
ouwftrds  towards  a  prominence  in  the  surface  of  the  yolk.  At  C  tlie 
beads  of  one  or  two  spermatouiids  have  united  with  and  penetrated 
into  this  prominence.     (Fol.) 


•E.  1, 


a  Beneden,  op.  eil.     t  Fol,  op.  < 
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Anotber  fic™^  of  i)ii**iioii»eiii.  ila^  ih-cl  trroiirrp  f-«  Lurni*  li 
is  -irell-fciiovx  IraiL  xiif  T'esearcne>  cc  ^rrn'-nurij^  aL.(  ♦^..I'^r^  tiiai. 
in  tlif  devttiopniem  of  liM  reiirudii^iv^  orpin.-  cd  iii-^^r-  .*ertaiii 
parnauf- of  tiif' nuin^T  xiLai  i-  ut'voi-^t  ti  tii*  i^rmatioi  «:  ^.mt*sk. 
aiitLerozoidi^  ano  (♦itsphe^'e-  cr  ovs*  art  irni  um-c  iot  tna*  purT»f »!»<*, 
bnt  are  t^xtruck*L  01  otherwitit  i.iit  a-iut^  iron,  xuioni:  lairT  ir  ci»e 
reprodncti^'f  procetst*.  Tiiusi.  ir  tin  sj'oniiigiun.  of  niiii:}  ■hii^rl.  i* 
part  of  Tib*'  prouipiasni.  cjJi*-r.  tiit  '•-■/.•.t'  'ct?^,  ^vrnmi^^  over  iirter  xhf 
formatioii  of  tbe  sinireb.  Il  tiif  dov*^jnTiiiieui  of  tiif-  zof^siMtref-  ai 
alg£.  a  pan  of  xiie  proiopiiiaiLi.  inn  usee.  U],.  i^  e3rLniQ**c.  m  xbe 
form  of  a  vesidif  from  xbt*  B}»oraiirniiiu.  and  il  tiome  caats^ 
SxTmsburgiiT  stAiet,  xbai.  iust  "tKaort-  xm  di^-isjoij  nf  tht  spor^ 
iDOtiber-oelL  a  maaf  of  stuf  if-  extmciecl  from  xbf  liucieub.  cabf»d 
tLe  pCBramucitioi'im.  Similar  pbeuameiia  have  lie«?i:  observed  in 
Bocnalhr-rpprodnctive  ix^Iiti.  Tiif  iiiiut-  t;i«ii«n  of  niossfe^.  xiie 
antberosoid,  bat  an  apjKOidaxre  aru4cii+»c'  ti-  itt  ]»c>Rterior  end.  Tiiis 
appendage  or  rtJaiL-l-e  baj-  l»eeL  iouno  k  t»t-  xuf  "*tLnti?^c!  jirvrtoTjiiisin 
of  tbe  UiOtber-oelL''  iiinnc  viiL  aiTuiJ'T  a  }»ortioL  cs.  Xht  nncJeBj*. 
vliicb  ii-  t.bti^  excluaed.  In  tij*  tiiiirj-KjierniJi.  durinr  xm-  de^vA:q^ 
nient  of  ti*e  nnc-leui-  aud  tiie  })r(ii:ipiiisu.  of  me  pcilit^n  ijnun  itiie 
male  pordc»L )  cell-like  '»K»diet  are  farmed  vhicli  are  se}Mi.n*ied  from 
tbe  generative  oeU.  Siumar  j)benomena  are  ncitioed  in  tl»e 
develoj»iDent  of  xbe  female  sirutturt^  or  puTiAeua,  that  is  to  say, 
po^tic>:i^  of  ]»r'»to}»ii*sm  are  exxmdt-c  iron  tbe  ooijoniiim.  Even  in 
anp<»s}»enn5»,  nuclear  di^"i^j^^nt^  tiJie  }>ii*oe  in  c:innettic>n  'W'itb  ibe 
develoj»ment  of  the  oosi'ijere  or  tA-nm-  T}:ti^  t^>  qiac»te  frt'»m 
Dr.  SvdneT  Howard  Viner"^: — ''Tbe  nu'-ieu-  of  tbe  voxinii  en-brvo- 
8ac  di\'ide5  into  tvo,  cne  t»f  viJeb  traveb-  tio  e-acb  end  of  tlie  sac ; 
each  nucleus  tben  di^ide^.,  and  e^clj  of  tbe  tvo  nuclea  d'n'iot'S 
again,  so  tbat  tbere  is  a  groi:}»  c»f  f«.»ur  ncclei  at  ejicb  end  of  t:  e 
embryo  sac.  Of  tbose  at  tbe  niicropylar  end,  one  l>ocomes  tbe 
nueleu.v  of  tbe  oo5j>bere,  tiro  tlie  nuclei  of  tbe  jynergida^  and  tbe 
fourtb  ^j»^»lar  IJUcleu^),  whicb  is  tbe  idster  nucleus  of  tbat  of  tbe 
ooi-pbere^  travels  towards  tbe  middle  of  tbe  sao^  wbere  it  fuses 
witb  one  of  tbe  cbalazal  nuoleL  wliicb  bas  likevrife  travelled 
towards  the  middle  of  tbe  sac,  to  form  tbe  dolinitive  nucleus  of 
the  embiyo-fiac     It  may  be  suj jested  tbat  tbe  diNision  wbiob 


*I  bare  derived  special  informat:<»:3  *»n  this  j»  int  from  the  adniiraUtO 
Ltdurts  on  tlte  Pky^iOiOgy  of  Pmu.f  by  Sydney  Howard  XIdos,  M.A.* 
D.Sc.,  F.R.S.    Cambridge  University  Px«8s»  1SS6. 

f  Vines,  op.  dL^  p.  641. 
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leads  to  the  formation  of  the  nucleus  of  the  oosphere,  and  of  the 

so-called  polarf^jiucleus,  is  the  one  which  we  are  seeking ;  in  that 

case  the  »P'*^^1^<^  polar  nucleus  would  be  the  polar  body."     It 

appears; 'ikerefore,  that  in  the  development,  both  of  non-sexual 

spor^^and  of  male  and  female  elements  in  plants,  a  portion  of  the 

original  nuclear  substance  is  extruded  or  thrown  aside  and  takes 

^./' no,  share  in  the  reproductive  process.      The  portions  thus  laid 

/.  *  •.*,  Aside  or  extruded  have  been  called  polar  bodies.     It  is  remarkable 

''\  •  that  analogous  phenomena  occur  in  the  development  of  the  ova 

and  of  the  sperm  cells  of  animals. 

The  extrusion  of  minute  particles  of  matter,  or  polar  bodies, 
from  the  egg  was  first  observed  by  Dumortier*  in  the  egg  of 
LymncBa  stagnalis  in  1837,  and  the  phenomenon  was  investigated 
by  F.  Miillert  in  1848.  No  relation  between  these  bodies  and 
the  germinal  vesicle  was  noticed  until  the  researches  of  Biitschli, 
in  1875,  to  which  I  have  previously  referred.  He  observed  a 
curious  spindle-shaped  structure  passing  between  the  germinal 
vesicle  and  the  surface  of  the  ovum.  In  1876  Ed.  van  Beneden 
detected  the  extrusion  of  two  polar  bodies  from  the  egg  of 
Asteracanthion  rubens.  The  researches  of  Fol,  Selenka,  and  O. 
Hertwig  not  only  coiToborated  these  observations,  but  many 
details  of  the  phenomena  connected  with  their  formation  and 
extrusion  were  observed.  Thus  Calberla  noticed  that  changes 
occurred  in  the  germinal  vesicle  along  with  the  extrusion  of  the 
polar  bodies,  and  that  these  bociies  might  be  eliminated  even  be- 
fore the  egg  rciiched  its  maturity.  In  the  great  majority  of  cases 
the  formation  of  the  polar  bodies  preceded  the  union  of  the  sexual 
elements,  and  researches  by  Fol  and  others  have  shown  that  the 
genesis  of  these  bodies  is  independent  of  fecundation. 

Let  us  now  examine  what  actually  occurs.  J  When  the  ovum 
is  ripe,  it  consists,  as  already  described,  of  a  cell  wall  inclosing 
contents,  in  which  are  embedded  the  nucleus  or  germinal  vesicle, 
in  which  again  is  the  nucleolus  or  germinal  spot.  Previous,  then, 
to  actual  fecundation  (although  the  spermatozoid  may  have  pene- 
trated the  ovum),  a  fusifonn  body  is  seen  (the  "direction-spindle" 


*  B.  Dumortier,  Memoire  sur  Cembryologie  des  moUusqatn,    Brussels,  1S37. 

tFr.  MUller.  Arcfiiv,/.  Naturyesch.,  1848. 

X  J'  T,  Cunningham  has  given  an  excellent  account  of  E,  van  Beneden^s 
Besearches  on  the  Maturation  and  Fecundation  of  the  Ovum  in  Quart.  Jour, 
of  Micros.  Science,  1885. 
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of  BiitGchli,  iiud  Uie  "  aiuphiaster  of  rejection ''  of  Fol),  as  was  fint 
describedbyBiitscblt,atretclutigfrDm  the  germinal  vesicle  (Fig.  15) 


Fig.  15. — Extmnon  of  >  polar  bodjr  from  the  egg  of  «  siuul,  Sttea»ea 
Ffrf^tri.  a,  PoUr  body  ■bowing  elongated  Gluneatsof  Doclear  matter; 
6,  radiated  ^pearance  aroimd  the  polar  body;  t,  yolk.     (BatachJi.) 

towards  the  surface  of  the  ovum,  so  that  one  end  of  the  spindle 
touches  the  sarface  whilst  the  other  is  in  contact  with  the  germinal 
vesicle.  At  the  same  time,  or  rather  immediately  before  the 
appearance  of  the  spindle,  the  wall  of  the  germinal  vesicle  becomes 
less  and  less  distinct,  and  the  protoplafon  in  its  immediate  vicinity 
assumes  a  radiated  appearance.  There  is  every  reason  to  believe 
that  a  portion  of  the  substance  of  the  germinal  vesicle  forms  part 
of  the  spindle.  By-and-by  a  small  globule,  protruding  from  the 
surface  of  the  ovum,  appears  at  the  external  end  of  the  spindle. 
This  is  the  first  polar  body.  In  most  cases  a  second  spindle  is 
formed,  and  there  is  the  extrusion  of  a  second  polar  body. 
Biitschli  thought  that  the  spindle  was  entirely  extruded  in  the 
polar  body,  but  Fol  and  Hertwig  have  shown  that  this  is  not  the 


Fig.  IG. — A  ripe  ovtun  of  Aaifriai  ijlaciaiii  with  excentric  germinal  veaicle 
and  spot ;  B,  C,  D,  E,  gradual  metaiuorphoaii  of  germioal  veiicle  and 
■pot ;  F,  detachmeDt  of  fint  polar  body  aod  withdrawal  of  remaining 
pare  of  DDclear  spindle  within  the  ovnm  ;  O,  portion  of  living  ovum 
with  first  polar  body  ;  H,  formation  of  second  polar  body  ;  /,  after 
formation  of  the  same,  showing  the  remaioing  internal  half  of  the 
spindle  in  the  form  of  two  clear  veaiclee;  K,  ovnm  with  two  polar 
bodies  and  radial  strice  around  female  pronucleus ;  L,  expnlsion  of 
polar  body  (A~K,  after  Fo! ;  L,  after  Hertwig).     {F.  Otdda.) 
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case.  As  to  the  genesis  of  the  spindle  itself,  tliere  is  still  consider- 
able difference  of  opinion.  BiLtschli  conceived  that  the  fibres  of 
the  spindle  were  formed  by  the  coalescence  of  gmnules.  Fol 
described  them  aa  due  to  iv  swollen  condition  of  the  "  filaments  bi- 
polair,"  meaning  certain  tiUment«  pausing  from  the  germinal 
vesicle  towards  each  pole  of  the  egg.  0.  Hertwig  supposes  that 
they  arise  from  the  fragments  of  the  wall  of  the  germinal  vesicle 
and  of  the  germinal  spot ;  and  these  views  of  Hertw^  have  been 
supported  by  Trinchese  and  Blochmann.     (Fig.  16.) 

Considerable  discussion  lias  taken  place  as  to  whether  these 
phenomena  belong  to  the  class  of  changes  occurring  in  kaiyo- 
kinesie.  Flemniing,  in  1882,  after  a  careful  study  of  the  egg  by 
the  methods  followed  in  the  observation  of  karyokinesis,  came  to 
the  opinion  that  the  phenomena  are  the  same,  with  this  difference, 
that  in  the  egg  the  chromatin  element  does  not  bulk  so  largely  as 
the  achromatin  constituent,  the  result  being  that  in  thekaryokinesis 
of  cells  the  chromatin  figures  are  the  most  apparent,  whereas  in 
the  egg  the  achromatin  figures  arrest  the  attention.  This  view  is 
well  illustrated  by  the  figures  of  ordinary  karyokinesis  given  by 
I!abl(Fig.  17),  in  which  the  achromatin  spindle-like  figures  are  very 


A.  B.  0.  n. 

Vig.  17.— Dittgrani  sliowuigtlie  mode  of  nuclear  divifliou.  .4  ahowe  atrungly 
marked  chromatin  filaments  with  the  Bpindle  figure.  At  the  ends  or 
pointa  of  the  spindle  observe  the  Rtar  shaped  or  radiating  aiTangement 
of  the  piotoplaam,  and  in  tbe  middle  of  the  spindle  the  chromatin 
lilamcata.  la  the  latter  a  longitudinal  division  of  the  filaments  has 
already  begun.  B  shows  the  number  of  chromatin  filaments  multiplied 
by  division  and  beginning  to  be  arranged  with  the  loops  in  the  same 
direction  as  the  spindle.  C  shows  the  loops  still  more  regularly 
arranged.  D,  both  groups  of  the  filaments  or  loops  have  retrested 
towards  the  poles  of  the  spindle.      (Babl.) 

distinctly  shown;  on  the  other  hand,  as  E  van  Beneden  points  out, 
Hofimann  is  the  oidy  observer  who  has  described  the  spindle  in 
the  mammalian  egg,  whilst  he  himself  has  looked  for  it  in  vain, 
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and  he  inctmes  to  the  view  that  the  extrusion  of  the  polar  body 
is  not  an  example  c^  ordinary  karyokinesis,  in  which  the  ovuni 
maj  be  regarded  as  simply  dividing,  so  that  one  half  is  the  minute 
piJar  body,  whilst  the  other  half  is  the  rest  of  the  ovuni^  but 
that  it  is  reaUy  a  physiologicsil  process  peculiar  to  the  ovum. 
In  the  development  of  the  ^g  of  Ascaru  me^aioeepkala^  £.  van 
Beneden  describes  a  peculiar  tigure  termed  by  him  the  ypsiKform 
figure,  fran  its  resemblance  to  the  Greek  letter  Y,  (Fig.  IS.)  It  may 


e^     \^ 


Fig.  18. — Eggoi  Ascarismeij<ih*cephaia^  showing thoY-shapcil  figure,  having 
delicate  protoplasmic  tilaincnts  cvtiinecteJ  with  it.  The  altered 
spermatozoid  is  seen  ou  the  left  hand  portion  of  the  egg. 
[E.  van  Beneden,) 

1)0  compared  to  the  toy  known  us  u  "cup  Jind  bjiU,'*  the  st^\ll:  of 
the  cup  being  the  vertical  portion  of  tlie  Y,  and  supposed  by  Van 
Beneden  to  be  like  a  thi»ead  or  coixl,  whilst  the  two  divei'ging 
limbs  are  really  sections  of  the  sides  of  the  cup.  In  the  hollow 
of  the  cup  there  is  a  mass  of  clear  homogeneous  matter,  containing 
chromatin  globules,  corresponding  to  the  IxUl  in  the  well-known 
toy.  Tlie  fibrils  of  the  Y-shaped  body  originate  in  tine  granules, 
which  are  the  remains  of  the  merabnine  of  the  germinal  vesicle, 
along  with  some  of  the  surrounding  protoplasm.  At  the  end  of 
each  limb  of  the  Y  there  is  also  a  little  mass  of  granules, 
and  around  the  stem  of  the  Y,  and  running  up  so  as  to  assist 
in  forming  the  cup,  there  is  a  clear  transparent  mass,  to  whicli 
he  gives  the  name  of  prothi/alosome.  The  axial  tibi*es,  those 
forming  the  stem  of  the  Y,  appear  fii'st.  Thus,  in  tlie  first  instiince, 
a  fusiform  figure  appears,  the  pointed  ends  corresponding  to  the 
ends  of  the  stem  of  the  Y.  Next,  two  other  centres  of  attrac- 
tion  appear   in  the   prothyalosome,  like    two  stars   or  radiant 
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points,  the  fibrils  from  each  of  which  coalesce  at  the  upper  end 
of  the  stem  of  the  Y,  thus  giving  rise  to  the  Y-shaped  figure. 
At  first  the  Y-shaped  figure  is  near  the  centre  of  the  ovum,  but  it 
graduaUy  approaches  the  periphery,  and  the  point  of  each  limb 
of  the  Y  touches  the  vitelline  surface,  although  not  at  the  same 
time.      (Figs.    19,  20,   21.)      The  form  of  the  Y  then  changes 


Fig.  19. — Shows  Y-shaped  figure  near  the  surface,  with  the  upper  limbs  of 
the  Y  flattened  oat  so  as  to  make  the  figure  T-shaped.  Observe  also 
the  transverse  striffi.    Egg  of  Ascaris  megcUocephcUa,    [E.  van  Berieden,) 


l'  _^./A'   f(  "rVt-v.-iV 


Fig.  20. — The  upper  part  of  the  Y-shaped  figure  has  now  reached  the  sur- 
face of  the  egg,  or  stage  prior  to  the  genesis  of  the  first  polar  body, 
which  is  formed  by  transverse  cleavage.  Egg  of  Asearis  megalocephala, 
{E.  van  Beneden,) 


Fig.  21. — Formation  of  the  first  polar  body  in  egg  of  Ancaris  megalocepfiala, 
indicating  one  of  the  last  modifications  of  the  Y-shaped  body. 
{E,  van  Befteden,) 

in  consequence  of  fibres  in  the  two  limbs  uniting  transversely,  so 
that  it  becomes  more  homogeneous  in  appearance;  but  at  each 
point  con'esponding  to  the  free  end  of  the  limb  of  the  Y  there  is 
a  little  star-shaped  cluster  of  chromatin  granules.  As  the  Y-shaped 
body  approaches  the  surface,  the  stem  of  the  Y  lengthens,  and  the 
fibres  become  less  and  less  distinct,  and  at  the  lower  end  the  matter 
forming  the  head  of  the  spermatozoid  is  apparent.  The  first  polar 
body  is  formed  of  a  portion  of  the  chromatin  stars  at  the  ends  of 
the  limbs  of  the  Y,  along  with  a  portion  of  the  clear  matter  sur- 
rounding the  limbs  and  forming  tliecup — the  prothyalosome ;  and 
E.  van  Beneden  attaches  great  importance  to  the  fact  that  division 
does  not  occur  so  as  to  cut  the  pole  (that  is  to  say,  the  limb  of 
the  Y,  with  surrounding  matter)  transversely,  but  the  division 
takes  place  equatorially,  just  as  if  the  limbs  of  the  Y  had  opened 


out,  and  each  limb  had  been  eat  in  the  direction  of  its  Wnt^h. 
In  all  cases  of  ordrnarr  karrokine^is  the  cleava^re  adwavs  take^ 
place  transversiy  to  the  direction  of  the  dl  tments  of  the  spiiulle* 
and  if  we  recognise  the  Y-shaped  tignre  of  E.  van  Beneden  as  beinj; 
formed  of  two  spindles,  the  importance  of  lus  observation  will  be 
ap{M«ciated.  The  formation  of  the  polar  globoles  cannot  therefore 
be  deemed  an  example  of  karyokinesis:  at  all  ereiits^  it  is  not  of 
the  usual  type.  After  the  removal  of  both  the  polar  bodies*  the 
portionsof  the  chromatic  stars  or  discs,  along  with  the  neighbouring 
portions  of  the  prothTalosome,  unite  to  form  a  body,  which  is  in 
all  respects  similar  to  the  polar  bodies  extruded.  This  he  terms 
the  deuthyalowfne. 

This  body,  the  deuthyalosome.  may  bo  iviranleil,  then,  as  formeil 
of  the  remains  of  the  germinal  vesicle.  The  reside,  by  this 
elaborate  process — which  occurs  before  fecundation,  although  it 
may  be  going  on  while  the  spermatozoon  is  in  tlie  egg, — has  thro^'u 
off  a  portion  of  itself,  and  the  body  which  remains  at  the  end  of 
the  process  cannot  be  regarded,  morphologically  or  physiologically,  # 
as  an  ordinary  cell  nucleus. 

Now  we  approach  true  fecundation.  It  has  been  ascei'tiuned 
that  one  single  spermatozoon  is  sufficient  for  the  process.  Entering 
the  ovum,  either  by  a  distinct  aperture  (in  tlie  o\'um),  termed  the 
niicropyle  (Fig.  22),  or  where  no  special  aperture  has  been  obsen*ed 


Fig.  22. — A  J  Blind  eutl  or  cttl-de-sar  of  the  ovary  of  a  star  tish.  />  aiul  C, 
Development  of  the  egg  of  Holoihuria  BofMdschiat  after  Semper,  i^, 
Youog  egg  with  the  surronnding  epithelial  cells  detached  ;  at  m,  the 
opeuing  of  the  micropyle.  C,  Ripe  eggy  showing  a  thickened  zona 
pellucida,  and  the  epithelial  cells  much  elongated  ;  m,  micropyle,  very 
narrow.     D,  Egg  of  Unio,  showing  micropyle  at  m,    {Henstn,) 
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through  the  cell  valL  it  ^^uiekly  iir.derz«>es  ciieinical  and  physical 
changes.  It  becomes  more  susceptible  of  the  action  of  colouring 
matters,  and  instead  of  beir.^  granoLur  it  assmnes  a  homogeneous 
appearance.  The  tail  di5af^)«esirs*  ai.d  the  head  becomes  globular 
in  form.  E.  Tan  Beneden  h:Ls  observed  in  many  eggs  a  re- 
fringent  globule,  similar  in  appearance  to  a  body  seen  in  the 
spennatozoid,  and  he  has  no  docbc  that  tliis  body  has  been 
thrown  off  by  the  spermatozoi^L  and  tr-illy  ejected  from  the 
egg  itself,  probtibly  with  the  secoLid  poLir  Kxly.  This  impor- 
tant observation  is  of  profi>und  sa^rnilicance*  as  showing  that 
the  spermatozoid  ^iks  well  as  the  germinal  Teacle)  gets  rid  of 
a  part  of  its  subcstance  f^mitMl  granule)  before  fecundation 
occurs^* 

Next  comes  the  pn>tru>ion  «>f  tbe  second  polar  body,  which  is 
formed  from  a  portion  of  the  deu:hy:\!o6ome.  £.  \an  Beneden 
states  that  between  the  times  of  the  expulsion  of  the  first  and  of 
the  second  pokur  U^hIv,  iJie  e^^  iu:i>s  n^.ires  thnxijh  a  variable 
"angle,  so  that  the  sevvr.d  \\  \\r  \h  v.y  i>  i.ot  extruded  at  the  same 
point  on  the  ritellus  ac>  t!ie  rirs.t.  Further,  he  states  that  in  con- 
sequence of  this  rv>tatio:u  s^iy  of  V»0^.  while  tLe  axis  of  the  spindle 
of  the  tirst  polar  Ixxly  i\»rre>^vnded  with  the  axis  of  the  egg,  the 
axis  of  the  spindle  of  the  second  p«.'I  ir  Ixxiy  is  per^^^ndicular  to 
that  axis^  or  is  in  the  line  of  tlie  equator  of  the  ft;g.  Again,  he 
observes  that,  in  the  extrusion  of  the  secv^ud  polar  body,  the 
clei*\*age  takes  place  in  the  diiwtion  of  the  likiments  of  the  a:>ter, 
not  tRinsverst^lv. 

The  body  left  in  the  e,:;^  af:<T  tlio  format Lni  of  the  two  poLir 
l)odies  is  termed  xhie j': muff  fn^ufj:'fAu^  while  that  formed  by  the 
head  of  the  sj^>ermat02oid  is  the  vuil^  frvuficlt'AS.  TTntil  the 
second  polar  body  has  Kvn  extruded,  the  sjvrmatozoid  remains 
in;ictive,  but  when  this  has  «xvurivd  a  >t»ries  of  chiuiires  ensues. 


*  Furtiier.  E.  viui.  IxfCfvUa  ^ui  I  \.^.  J  .:l.n  ii^ive  d:scoven.\i  the  ejcpidsion 
by  the  spennatomere  of  a  minute  globule,  which  does  not  therefore  enter 
into  the  fonmition  of  the  sDermatozon.L  i^a  sj*:nn-K*j':-nti^  '^he^  Ca<caride 
m^rjnlo*:*'.halt;^  Dnll  tU  CAoid'-^miif  Kotjc.le  df  Be''ji'{'ie.  l!>{vk  The  separation 
of  a  ;;lvijule  hiks  also  Ixren  described  by  J.  E.  Blomdeld:  On  'Ae  Dectlopment 
or'  'hfi  SL^»:nna:ozcfi,  jHU't  1.  L-'/it'  '■■^'is  f  lL~ir':,\'iojr  u  -^  \'-i'Zrt.  Jonrm.  oj 
M'-T'^s,  Si:  enr"^  l^NX  Stie  .vl^o  v'u  this  question  HorbtTt  H.  Brown*;j  paper 
on  iferrna^O'j'^n^^ii  hi  thf  Ki:^  Q  oir-^.  J^uru  o/ M  cix-.^.  Sc^^.tcf^  IS{s>»  in 
whiuh  Prof.  Ray  Lankester's  opinion  is  given  as  regard;^  the  globule  in 
rth-worm. 
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which  ends  in  the  division  of  the  first  cell  of  the  embryo  into  two 
cells.     (Figa.  23  and  34.) 


Pig.  23. — Ripe  egg  of  n  sea  arcbin  iEchiiwi).     en.  Egg  nnclens,  or  genninal 
vesicle.  (0.  Hertwig.) 


Fig.  24. — Fectitidftted  ^g  of  a  sea  urchin.  The  head  oE  the  spennatozoid, 
conBtitating  the  apermatozoid  nacleua,  Hp.n.,  or  male  proQUclens.  is 
sairoimded  by  radiated  prntoplasm  ;  m,  egg  nacleus.  or  female  pro- 
nueleus.     (O.  Serltoiff.) 

The  female  pronucleus  is  now  a  oucleus  containing  two  chromatin 
filaments,  or  loops,  originally  derived  from  the  germinal  vesicle  of 
the  egg.  It  is  very  curious  to  find  that  the  number  of  loops  seen 
in  the  various  stages  of  these  processes  is  very  constant.  Thus,  in 
the  germinal  vesicle  there  are  two  chromatin  plat«a,  each  composed 
of  four  chromatin  globules ;  the  sume  in  the  Y-shaped  figure  ;  in  the 
first  polar  body  two  chromatin  bodies,  each  formed  of  two  smaller 
ones ;  in  the  deuthyalosome,  two  chromatin  filament!^,  each  dividiii<,' 
into  two  ;  the  same  in  the  second  polar  body ;  and  now  in  the  female 
pronucleus  again  two  chromatin  loops,  each  formed  of  two  smaller 

The  mate  pronucleus  is  formed  from  the  head  of  the  spermatozoid. 


uiii  it  4bt>  iimtniiiH  twvt  portk>n$  of  rhTOmatin.     It  is  found  near 
-iie  '.owvr  (Hilt-  of  tiio  tv;^, 

Thv  tvi>  prvnucli-i  s^'proMttt  mch  Mber  and  ultimately  unite. 
A.-wnii'^  to»XH*rtwi^,  t'.'l,  aiiJ  >r.»rt.iuere  is  a  complete  fusion. 

Hiis   ui   fwunttiti.'ii,   il\i-    if\;>'ii    at    Ivit  of   the  two  elements. 


r*v  fc"ii  iv\i   j.-r   .v**  j.-,i;.i'.-r     ud  ir*   jv-ea   sirrvaziial   by   ■ 
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and  female  elements.  He  divides  the  process  into  four  etagea  : — 
lat.  The  four  chromatin  filaments  increase  in  size  and  become 
coiled  to  a  greater  or  less  extent.  It  is  to  be  remembered  tbat 
two  have  been  supplied  by  the  male  and  two  by  the  female  pro- 
nucleus. Snd,  The  contours  of  the  pronuclei  become  less  And  less 
distinct;  each  chromatin  loop  divides  transversely  in  the  middle,  so 
that  there  are  now  eight  loops,  and  the  eight  loops  of  chromatin 
move  so  that  the  shut  end  of  each  loop  is  directed  towards  the 
equator  of  the  fecundation  nucleus.  Imagine  an  orange  with 
eight  loops  of  cord  placed  equatorially  in  it,  the  ends  directed 
towards  the  axis  passing  from  pole  to  pole.  3rd.  Each  loop  is  then 
divided  longitudinally,  thus  giving  rise  to  sixteen  loops,  and  the  two 
groups  of  eight  are  separated  by  a  ihin  layer  of  matter.  4th.  Each 
of  these  groups  of  eight  are  now  situated  in  what  E.  van  Beneden 
terms  sul^equatorial  planes,  parallel,  of  course,  with  the  equator. 
{Figs.  27,  38,  and  29.) 


Fig.  27< — Arnagement  of  chromatin  filtunents  in  th«  equator  of  the  egg  of 
Atearit  mtgaiocepkala.  The  filameots  are  the  dark  irregularly -shaped 
bar.     Only  the  middle  portion  ofthe  egg  is  ahown.     (£.  van  Btntdtn.) 


Fig.  28. — Stage  in  the diviaion of  the  eggol  AKarigmrgaliKephala,ahomng 
the  chromatin  loope  separating  into  two  «ett  and  retreating  from  each 
other.     i,B.  van  Beneden.) 
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Fig.  29. — Stage  of  dirisioa  of  the  egg  oiA»cari»  mtgalocephala,  showing  the 

breakiDg  up  of  the  chromatin  threads  into  minute  globales,  giving  in 

some  places  a  reticolated   appearance   from   the   croBUDg   of   abort 

fiUmente.     {E.  van  Bftifrttn.) 

ThuH  it  is  evident  that  each  loop  has  given  a  half  of  its  substance 

to  each  of  tlie  daughter  nuclei,  and  as  there  was  an  equal  number 

of  loops  from  the  male  and  female  portions  to  start  witli,  it  follows 

that  each  daughter  nucleus  must  have  male  and  female  elements. 

The  two  sets  of  loops  recede  towards  the  poles  of  the  nucleus,  and 

then  there  is  division  of  the  body  of  the  yolk,  according  to  the 

ordinary  method  of  karyokinesis  already  described.       Further, 

the  two  cells  thus  formed,  nourished  by  tJie  fluids  in  which  they 

exist,  increase  in  size,  and  again  divide  karyokinetically  into  four. 

The  process  is  repeated  over  and  over  again  so  as  to  form  the 

primitive  cells  from  which  all  the  tissues  and  organs  of  the  body 

are  derived  ;  and  if  the  karyokinetic  division  is  repeated  so  that 

portions  of   the  chromatin  derived  from  tlie  male  and  female 


\a  urchin  prepanLtire  to  cleavage.    {Herlicig.) 
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elements  (multiplied  and  increased  in  quantity  of  nutrition,  bnt 
the  same  in  kind)  are  divided  equally  it  follows  that  all  cells 
contain  equal  quantities  of  uiatter  related  to  the  male  and  to  the 
female  parent ;  and,  to  crown  all,  according  to  this  view,  each  living 
cell  is  a  hermaphrodite  being.*     (Figs.  30,  31,  32,  33.) 


Pig.  31. — Egg  of  iea  urcbin  at  momeat  of  dirisioQ,  Bhowing  oonstriotioD  of 
the  protopUam  at  right  aogles  to  the  axis  of  the  nacleas.     (ffiriioig.) 


Fig.  32. — Ggg  of  sea  urchin  after  division.  Observe  the  nncleui  io  each  half . 
The  streaked  appearance  of  the  protoplasm  begioB  to  be  Isudlsti  not.  {Hrrttvig,) 


Fig.  33.— Vailona  stages  of  tiie  cleavage  of  the  egg  to  form  embryonal  cells. 
{Oega^avr.) ^ 

*  This  view  is  asKwiated  with  the  name  of  Professor  Sedgewiok  Minot  of 
Harvard.  "  Seirnce,"  vol.  iv.,  1884.  Also  Proceed.  BoUm  Soarty  of 
Natttrai  Hietory,  1877. 
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Such,  then,  is  the  wonderful  story  of  the  origin  of  the  oells  and 
of  the  living -matter  that  forms  our  bodies.  One  is  naturally 
inclined  to  ask — Does  a  knowledge  of  these  phenomena  throw  any 
light  upon  the  well-known  facts  of  hereditary  transmission  f* 
Not  a  few  theories  of  heredity  have  been  advanced.  The  oldest 
of  all  is  that  the  soul  of  an  ancestor  entered  the  body  of  a  newly- 
born  being  and  made  the  body  like  that  in  which  it  had  at  one 
time  existed.  The  theory  of  the  transmigration  of  souls  may  be 
traced  to  very  remote  times,  and  it  exists  almost  unmodified  in  the 
opinions  of  some  of  the  so-called  savage  races  of  the  present  day, 
races  probably  representing,  however,  not  the  primitive  type  of 
thought  and  practice,  but  opinions  modified  in  the  course  of  ages, 
like  those  of  the  higher  and  civilised  races.  Stahl,  in  accordance 
with  his  mystical  views,  held  that  the  soul  formed  the  foetus  and 
shaped  it  according  to  the  paternal  or  maternal  type.  Then,  in 
our  own  day,  came  the  doctrine  of  Pangenesis  of  Charles  Darwin,f 
which  assumed  the  existence  in  all  cells  of  small  corpuscles  which 
circulate  free  in  the  body.  These  gemmules  are  transmitted  by 
the  parents,  and  they  are  usually  developed  in  the  next  generation, 
but  may  lie  dormant  for  generations,  and  their  evolution  depends 
on  their  union  with  gemmules  of  a  kindred  nature,  supplied  from 
another  organism.  This  theory  is  capable  of  explaining  many  of 
the  facts,  but  it  labours  under  the  disadvantage  that  there  is  no 
vestige  of  proof  of  the  existence  of  such  gemmules. 

Haeckel  J  has  endeavoured  to  solve  the  problem  by  supposing 
that  what  is  transmitted  is  not  matter  but  a  certain  kind  of 
molecular  movement  which  the  tissues  acquire  by  constant  repeti- 
tion, and  retain  by  a  kind  of  unconscious  memory.  Heredity, 
according  to  this  view,  would  depend  on  the  more  or  less  accurate 
transmission  of  special  kinds  of  molecular  movement,  while 
variability  would  be  caused  by  the  action  of  external  agencies 

*  Ch.  van  Bambeke,  Pourquoi  fums  resseniblowt  d  noa  parents?  BvdL  de 
PAcacUmie  Royalt  de  Belgique,  3™*-  aerie,  torn,  x.,  1885.  This  ia  an 
admirable  r^stun^  of  recent  speculations. 

+  Charles  Darwin,  On  the  Variation  of  Plants  and  Animals  under  Domesti" 
ecUion,  1867,  chaps.  xzxviL  and  xxxviii.  See  also  in  this  relation, 
Herbert  Spencer's  Principles  of  Biology,  vol.  i.,  chaps,  iv.  and  viii. 
Also,  Sir  Richard  Owen's  work  on  ParthenogetiesiSf  1849.  It  is 
interesting  also  to  read  Professor  Owen's  criticism  of  Pangenesis  in  his 
Comparative  Anatomy  and  Physiology  of  VertebrateSy  vol.  iii,  p.  813. 

^  Haeckel,  Die  Perigmesis  der  Plaslidule  oder  die  WeUenzeugtmg  der 
Lebenstheilchen,    Berlin,  1876. 
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changing  more  or  less  the  character  of  the  movement  so  trans- 
mitted. The  obvious  criticism  on  this  theory  is,  that  we  as  yet 
know  far  too  little  of  the  character  of  molecular  movements,  to 
make  our  knowledge  the  basis  of  any  such  theory. 

Nageli*  rejects  both  the  theory  of  Pangenesis  of  Darwin  and 
the  theory  of  Perigenesis  of  Haeckel,  because  the  one  calls  in  the  aid 
of  hypothetical  germs  and  the  other  of  hypothetical  movements, 
and  he  endeavours  to  establish  a  theory  on  the  basis  of  fact. 
Protoplasm,  according  to  him,  consists  of  two  portions,  one,  fluid, 
called  hygroplasm,  and  the  other  solid  or  insoluble,  stereoplasm. 
The  stereoplasm,  however,  is  partly  nutritive,  but  the  other  por- 
tion, called  idioplasm^  is  the  seat  of  all  active  changes.  This 
idioplasm  ramifies  through  the  body,  is  in  every  cell  and  tissue ; 
and  each  tissue  has  its  own  kind  of  idioplasm,  so  that  there  is  a 
vast  variety  of  idioplasms,  differing,  however,  more  dynamically 
than  in  any  detail  of  structure.  Reproductive  cells  contain 
idioplasm  that  has  returned  from  the  condition  of  somatic  idio- 
plasm to  the  state  of  the  idioplasm  of  the  germ  from  which  the 
organism  sprang.  Further,  he  supposes  that  the  specific  properties 
of  the  idioplasm  depend  on  the  grouping  of  more  minute  particles, 
the  miceUce,  and  that  this  grouping  is  more  complex  in  the 
idioplasm  of  the  higher  beings  than  it  is  in  the  lower.  Suppose, 
then,  that  each  parent  transmits  an  equal  portion  of  idioplasm, 
there  will  be  an  equal  transmission  of  the  peculiarities  of  each 
parent ;  and  if  one  idioplasm  predominates,  the  balance  may  lean 
to  the  side  of  the  father  or  of  the  mother.  This  mass  of  idioplasm, 
as  already  said,  extends  through  the  body,  having  subsidiaiy 
characters  peculiar  to  each  kind  of  cell,  but  always  carrying  with 
it  the  more  special  peculiarities  which  it  had  at  first.  During 
growth  it  retains  all  its  specific  characters,  and  the  germ  cell  is 
simply  a  cell  containing  idioplasm,  having  chiefly  the  primitive 
character.  As,  however,  the  somatic  idioplasm  is  influenced  by 
external  conditions,  to  some  extent,  and  as  the  return  of  the 
somatic  idioplasm  to  the  state  of  geniiinal  idioplasm  is  not  always 
exact,  the  offspring  never  exactly  resemble  their  parents.  Hence 
arises  variabiUtv. 

But  while  this  theory  is  founded  on  the  fact  that  there  is  a 
kind  of  all-prevalent  matter — the  protoplasm, — it  is  liable  to  the 
same  objection  as  was  advanced  to  the  other  two  theories — it  is 


*  Nageli,  Mechanisehe-Phyaiologiiche  Theorie,  1884. 
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too  conjectural.  The  question  is — Where  is  this  idioplasm  1  Ift^is 
the  reproductive  matter,  it  must  exist  in  many  cells,  more 
especially  in  those  which  yield  the  male  and  female  elements. 
That  it  does  exist  in  certain  cells  of  plants  is  evident  from  the 
fact  that  cuttings  produce  roots,  and  when  a  stem  is  cut  across 
new  shoots  appear  from  the  lateral  buds.  Almost  any  part  of 
the  leaf  of  a  Begonia,  if  suitably  planted,  will  give  origin  to  a 
fuUy.f ormed  plant  Similar  phenomena  may  be  observed  in  certain 
animals — more  especially  in  amphibians.  If  the  limb  of  a  Sala- 
mander be  removed,  the  limb  may  be  renewed,  that  is  to  say,  the 
cells  forming  the  various  tissues  of  the  stump  possess  the  power 
of  producing  cells  of  the  same  kind,  and  of  rebuilding  the  limb. 
This  has  been  aptly  compared  by  Pfliiger*  to  the  growth  of  a 
crystal.  A  crystal  of  alum  has  a  certain  molecular  structure,  and 
if  a  small  fragment  of  such  a  crystal  be  placed  in  a  saturated 
solution  of  the  same  salt,  the  broken  fragment  is  repaired,  so  as 
to  form  the  perfect  ciystaL  This  is  more  than  an  analogy.  The 
molecular  processes  of  the  crystal  are  the  cause  of  the  deposition  of 
the  particles  of  alum  in  such  an  order  as  to  renovate  the  crystal ; 
and,  in  like  manner,  the  molecular  processes  in  the  cells  of  the 
outermost  layer  of  the  stump  lead  to  the  formation  of  new  cells 
of  the  same  kind  out  of  the  material  furnished  by  the  blood 
plasma  in  their  vicinity. 

Seizing  hold  so  far  of  Nagelf  s  idea,  Strasburgerf  has  modified 
it,  and  made  the  position  more  intelligible.  like  him,  he  con- 
siders protoplasm  as  consisting  of  two  substances,  a  nutritive 
hyaloplasm,  and  a  formative  hyaloplasm ;  but  he  identifies  the 
formative  hyaloplasm  with  the  chromatin  filament  of  the  nucleus, 
which  we  have  already  studied.  This  substance  he  calls  nuclo- 
plasm  or  nucleo-hyalo-plasm.  It  is  the  active  substance  in  the 
nucleus,  and  even  in  the  protoplasm  around  the  nucleus,  as  Goodsir 
long  ago  stated.  All  the  metabolic  changes  in  the  cell  substance 
are  controlled  and  directed  by  the  nucleo-plasm.  Strasburger  states 
that  the  reproductive  power  of  a  cell  depends  on  it  being  in  the 
embryonic  state,  and  in  plants  reproductive  cells  in  this  sense 
are  not  uncommon,  seeing  that  many  pai*ts  of  plants  are  capable 
of  vegetative  reproduction. 

*  Pfluger,  Ueber  dm  Einflusa  der  Schvotrkrafi  at^fdie  Theilung  der  ZeUen 
und  aufdie  Enttnctlung  der  Embryo,  Arehiv,  /  Physiol,,  vol.  xxxlL 

t  Strasburger,  Nate  Untersuchungen  fiber  den  Befruchiungavcrgang  bei 
den  Phanerogamen  ala  Orundlage/Ur  eine  Theorie  der  Zeugung.    Jena,  1884. 
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This  view  throws  light  upon  the  phenomena  of  the  expulsion  of 
polar  bodies  from  the  OYum,  and  from  the  spermatozoid  substance. 
These  phenomena  express  the  return  of  the  cells  to  their  embryonic 
conditions.  The  late  F.  M.  Balfour  held  that  the  extrusion  of  the 
polar  bodies  from  the  ovum,  or  rather  the  extrusion  of  a  part  of 
the  germinal  vesicle,  was  *^  requisite  for  its  functions  as  a  complete 
and  independent  nucleus,  ...  to  make  room  for  the  supply 
of  Uie  necessary  parts  to  it  again  by  the  spermatic  nucleus.  My 
view,"  he  says,  *'  amounts  to  the  following,  viz. : — that  after  the 
formation  of  the  polar  cells,  the  remainder  of  the  germinal  vesicle, 
with  the  ovum  (the  male  pronucleus),  is  incapable  of  further 
development  without  the  addition  of  the  nuclear  part  of  the  male 
element  (spermatozoon),  and  that  if  polar  cells  were  not  formed 
parthenogenesis  might  normally  occur.  A  strong  support  for 
this  hypothesis  would  be  afforded  were  it  to  be  definitely  estab- 
lished that  a  polar  body  is  not  formed  in  Arthropoda  and  Rotif era, 
since  the  normal  occurrence  of  parthenogenesis  is  coniined  to 
these  groups.  It  is  certainly  a  remarkable  coincidence  that  they 
are  the  only  two  groups  in  which  polar  bodies  have  not  so  far 
been  satisfactorily  observed."  Further  he  says: — **  The  function 
of  forming  polar  cells  has  been  acquired  by  the  ovum  for  the 
express  purpose  of  preventing  parthenogenesis."* 

This  notion,  which  has  been  somewhat  modified  by  various 
authors,  and  is  refused  by  Camoy  as  an  explanation,  is  that  the 
extrusion  of  the  polar  bodies  from  the  nucleus  of  the  ovum  is 
the  removal  of  the  male  idioplasm;  so  that  what  is  left  is  truly 
female,  %pd  the  extrusion  of  the  particle  from  the  spermatozoid  is 
the  removal  of  the  female  idioplasm,  so  that  what  remains  is  truly 
male.     The  female  idioplasm  would  thus  transmit  peculiarities  of 

*  F.  M.  Balfour,  Comparative  Embryology,  voL  i.,  p.  72.  It  ia  only 
right  to  note  that  this  theory  is  strongly  opposed  by  Carnoy,  and  that  he 
especially  disputes  the  correctness  of  the  interpretation  of  the  extrusion 
of  the  polar  bodies,  La  Cytodi^rise  de  Vauf,  La  CeUule,  tome  iii.,  fasc.  i., 
p.  GO.  It  IB  also  asserted  that  Weismann  has  seen  polar  bodies  extruded 
from  the  eggs  of  certain  crustaceans  that  are  parthenogenetic  (Weismann, 
Biehtungskerper  bei  parthenogenetUchen  Biem,  ZooL  Anz,,  27th  Septr., 
1886).  Even  if  this  be  the  case  it  does  not  seem  to  me  to  destroy  the  validity 
of  Balfour's  theory,  but  only  to  show  that  it  is  less  extensive  in  its 
application.  The  extrusion  of  polar  bodies  by  parthenogenetic  ova  may  be 
the  survival  of  an  ancestral  habit,  and  possibly  after  removal  of  the  polar 
body  there  may  still  be  enough  of  the  male  matter  left  to  allow  of  develop- 
ment going  on,  without  the  entrance  of  a  fresh  spermatozoid.  (For  further 
xamarkB  on  this  subject  see  p.  60.) 
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the  mother,  whilst  the  male  idioplasm  would  send  on  those  of  the 
father.  But,  as  Strasburger  and  Kolliker  acutely  remark,  the 
mother  transmits  not  only  her  own  peculiarities,  but  also  those 
possibly  of  the  maternal  grandfather  and  of  the  maternal  great- 
grandfather; and,  on  the  other  hand,  the  father  may  send  onwards 
traits  of  the  paternal  grandmother  and  of  the  paternal  great- 
grandmother.  The  maternal  idioplasm  cannot  therefore  be  re- 
garded as  entirely  female,  nor  the  paternal  as  entirely  male. 
Strasburger  holds  that  the  nucleo-idioplasm  filament  may  be  re- 
garded as  made  up  of  a  number  of  segments  derived  from  previous 
generations,  and  that  in  certain  circumstances  one  portion  may 
influence  the  kytoplasm  of  the  ovum  more  than  the  other,  thus 
giving  rise  to  a  manifestation  of  some  of  the  hereditary  qualities 
of  the  particular  generation  to  which  the  portion  of  nucleohyalo- 
plasm  corresponded.  It  appears  to  me  that  here  Strasburger 
passes  entirely  into  the  region  of  theory.  The  one  statement  of 
importance  in  his  theory  is  the  identification  of  the  idioplasm  of 
Nageli,  or,  as  he  terms  it,  the  nucleohyaloplasm,  with  the 
chromatin  filament.  It  is  at  this  point  that  the  important 
observations  of  E.  van  Beneden  come  in  with  great  effect.  If  it 
be  the  case  that  the  chromatin  filaments  from  the  male  and  those 
from  the  female  remain  distinct,  and  are  communicated  in  equal 
amounts  to  the  nuclei  formed  by  the  division  of  the  fecundation 
nucleus,  and  if  this  process  be  multiplied  indefinitely  in  the 
formation  of  the  cells  of  the  body,  we  see  that  each  cell  is  repre- 
sentative of  both  father  and  mother,  to  a  greater  or  less  extent, 
according  to  the  amount  of  maternal  and  paternal  idioplasm  present 
(Fig.  34.)  Further,  it  is  necessary  to  assume  that  this  idioplasm  is 


A.  B.  (\ 

Fig.  34. — Differeut  arrangements  of  the  primary  chromatin  loops  in  the 
equatorial  plane  of  the  egg  of  Aacaris  megcUocephala.    {E,  van  Beneden. ) 

capable  by  nutrition  of  being  increased  in  quantity,  but  by  the 
action  of  surrounding  conditions  it  may  be  acquiring  properties 
peculiar  to  itself,  giving  rise  to  the  individuality  of  tlie  person  in 
whose  body  these  changes  aro  supposed  to  take  place.  A  time 
comes,  however,  when  ceUs  lose  the  power  of  thus  multiplying 
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indefinitely  bj  fission,  the  growth  of  the  body  is  arrested,  and  the 
general  characters  of  the  individual  are  fixed.  One  can  suppose, 
then,  that  if  any  cell  in  the  body  could  get  rid  of  its  male 
portion  of  idioplasm,  and  if  another  got  rid  of  its  female  portion, 
the  two  remaining  parts  might  conjugate,  and  the  process  of  cell 
division  might  start  afresh.  The  stimulus  would  still  be  gi^ater 
if  the  two  idioplasms  were  more  different  than  is  likely  to  be  the 
case  if  obtained  from  the  cells  of  the  same  individual  The  best 
effect  would  be  produced  if  a  certain  amount  of  difference  existed, 
and  this  is  attained  by  the  idioplasm  of  two  individuals  being 
brought  into  contact.  May  not  this  be  the  key  to  the  advantage 
gained  by  sexual  difference,  and  may  it  not  explain  the  infertility 
that  results  if  two  idioplasms  from  two  individuals  too  closely  re- 
lated be  brought  into  mutual  relationship  ?  This  rendering  and 
expansion  of  Strasburger's  theory  I  have  reached  after  a  careful 
consideration  of  the  question  in  the  light  of  the  facts  of  modem 
investigation. 

The  peculiarity  of  Strasburger's  view  is  that  the  object  of  the 
extrusion  of  the  polar  bodies  is  simply  the  attainment  of  the 
embryonic  condition,  and  that  the  reproductive  matter — caU  it 
idioplasm,  or  any  name  you  choose— is  formed  by  the  conversion 
of  somatic  into  reproductive  idioplasm.  In  the  latter  statement 
Strasburger  follows  Nageli.  The  essential  distinction  between 
Strasburger  and  Nageli  is  that  while  the  conceptions  of  the  former 
are  structural  and  material,  those  of  the  latter  are  dynamical  This 
supposed  conversion  of  somatic  into  reproductive  idioplasm  is  a 
difficidty,  and  a  consideration  of  it  has  led  Weismann*  to  pro- 
mulgate the  theory  of  what  is  termed  the  continuity  of  the  germ- 
plasma.  This  view  is  that  heredity  consists  in  the  transmission 
of  a  nuclear  substance  of  special  molecular  structure,  not  the 
idioplasm  of  Nageli,  nor  the  nucleohyaloplasma  of  Strasburger 
(identical  with  chromatin),  but  a  substance  special  and  peculiar 
to  the  germinative  cells.  This  nuclear  matter,  which  he  calls 
KeimplasTnOy  germ-plasma,  is  passed  on  from  generation  to  gener- 
ation without  alteration;  it  is  therefore  continuous  and  immortal 
if  individuals  do  not  fail  in  propagating  their  species.  This  specific 
germ-plasma,  derived  from  the  male  and  female  parents,  is  not 
entirely  used  up  in  the  development  of  the  offspring,  but  a  portion 

*  Angust  Weismazm,  Die  continuildt  dee  Keimplcumd'jt  als  Orundlage 
einer  Theorie  der  Vererbung,  Jena,  1885.  See  also  an  account  of  this 
memoir  by  Professor  H.  N.  Moseley  in  Nature,  vol  xxziii.,  p.  154. 
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of  it  is  set  aside  to  form  the  germ-plasma  of  the  next  generation. 
According  to  this  view,  the  germ-plasma  is  in  no  way  derived  from 
the  somatic-plasma;  each  has  an  independent  existence;  but  while 
the  somatic-plasma  cannot  influence  the  germ-plasma,  the  portion 
of  germ-plasma  not  laid  aside  to  form  the  germ-plasma  of  the  next 
generation  exercises  a  potent  influence  over  the  development  of 
the  somatic-plasma,  transmitting  to  it  the  characters  of  the  parents. 
Professor  Weismann  supports  this  view  with  many  striking  illus- 
trations, and  he  adapts  the  theory  to  the  explanation  both  of  the 
extrusion  of  polar  bodies  and  of  parthenogenesis.  Thus  the  ovum 
has  two  kinds  of  plasma  in  it,  lustogenetic  or  somatic-plasma  and 
true  germ-plasma.  In  its  early  stages  the  histogenetic  plasma  is 
engaged  in  forming  the  yolk  and  membranes,  and  as  it  is  of  no 
further  use  in  the  further  development  of  the  embryo,  it  is  got  rid 
of  in  the  form  of  one  or  more  polar  bodies  to  make  room  for  fresh 
histogenetic  plasma,  derived  in  turn  from  the  germ-plasma  of  the 
spermatozoon.  The  polar  bodies  ai*e  thus  ovogenous  nucleo-plasma> 
got  rid  of  to  allow  new  nucleo-plasma  to  have  free  play.  A  similar 
explanation  applies  to  the  separation  of  particles  from  the  male 
sperm  cell. 

As  to  parthenogenesis,  Weismann  supposes,  in  the  first  place, 
that  the  male  and  female  elements  in  fecundation,  that  is  to  say, 
the  germ-cell  and  the  sperm-cell,  are  practically  identical,  and  that 
after  the  extrusion  of  the  polar  bodies,  development  is  started  by 
the  sudden  addition  to  the  so-called  female  element  of  the  so-called 
male  element.  This  sudden  addition  necessitates  cleavage,  and  as 
nutrition  goes  on  actively,  for  the  same  reason,  cleavage  goes  on 
again  and  again  to  form  the  embryonic  cells.  In  some  ova,  how- 
ever (parthenogenetic  ova),  even  after  the  extrusion  of  polar 
bodies,  nutrition  goes  on  so  actively  as  to  stai*t  the  developmental 
process  without  the  stimulus  caused  by  the  sudden  addition  of  the 
so-called  male  element.  Parthenogenesis,  according  to  this  view, 
is  thus  merely  a  modification  of  the  power  of  growth.  The 
theory  is  not  open  to  the  objection  urged  against  that  of  F.  M. 
Balfour,  namely,  the  undoubted  extrusion  of  polar  bodies  from,  at 
all  events,  some  parthenogenetic  ova. 

It  appears  to  me,  however,  that  this  theory,  so  ably  maintained 
by  Weismann,  whilst  it  undoubtedly  removes  some  of  the  diffi- 
culties, leaves  the  facts  of  hereditary  transmission  unexplained.  If 
the  portion  of  germ-plasma  not  laid  aside  influences  the  develop- 
ment of  the  body,  conferring  on  each  tissue  and  organ  at  least  some 
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of  the  proclivities  of  the  parent — How  does  it  do  so  1  The  mole- 
cular mechanism  by  which  this  is  accomplished  is  inexplicable. 
On  the  other  hand,  if  this  germ-plasma  does  not  so  influence 
development,  how  are  the  facts  of  hereditary  transmission  to  be 
explained  1  It  is,  I  humbly  think,  quite  possible  that  Weismann 
may  be  right  in  the  conjecture  that  a  portion  of  the  original  germ- 
plasma  may  be  laid  aside  at  the  earliest  period  of  development  to 
constitute  the  germ-plasma  of  the  next  generation ;  but  surely  this 
germ-plasma  has  received  a  molecular  imprint  from  the  parent 
in  whose  body  it  at  one  time  existed  so  that  it  transmits  certain 
of  the  characteristics  of  that  parent.  If  the  germ-plasma  can- 
not be  altered,  how  are  we  to  account  for  the  transmission 
of  special  characters  of  any  kindl  Weismann  has  admitted 
this  difficulty  by  denying  the  alleged  transmission  of  acquired 
characters  by  sexual  reproduction ;  but  all  characters  must 
have  been  acquired  at  one  time  or  another,  and  any  organism 
is  what  it  is  at  the  present  moment,  in  consequence  of  this 
transmission  of  acquired  peculiarities,  through  countless  genera- 
tions. The  germ-plasma  cannot  then  remain  the  same,  and 
therefore  the  only  way  in  which  we  can  suppose  it  to  be  modified 
is  through  the  agency  of  the  idioplasm  throughout  the  body. 
This  view  will  explain,  to  some  extent  at  least,  the  transmission  of 
acquired  characters.* 

In  all  these  discussions  one  aspect  of  the  subject,  as  it  relates  to 
the  higher  organisms,  and  especially  to  man,  is  often  omitted ;  it 
is  the  influence  which  the  female  parent  exerts  on  the  development 

*  I  have  to  express  my  admiration  of  WeisDuum'B  theory  as  a  guide  to 
experimental  investigation.  My  thanks  are  due  to  Professor  E.  Ray 
Lankester  for  valuable  criticisms  of  this  portion  of  the  present  paper,  and 
specially  for  directing  my  attention  to  the  importance  of  Weismann's 
researches.  Mr.  J.  H.  Fullarton,  M.A.,  B.Sc.,  has  also  read  the  whole 
paper  and  favoured  me  with  his  remarks.  I  would  further  observe  that  it 
can  hardly  be  expected  that  acquired  characters  in  their  full  intensity  would 
be  transmitted  to  the  immediately  succeeding  generation,  seeing  that  the 
ova  destined  to  become  the  individuals  of  that  generation  are  found  in  the 
ovary  of  the  mother  during  embtyonic  life.  The  influence  of  an  acquired 
character  might  have  a  certain  effect  on  the  ova  during  the  life  of  the 
mother,  but  not  enough  to  reproduce  the  acquired  character  with  any  degree 
of  strength  in  the  offspring.  If  the  influences  producing  the  acquired 
character  acted  also  on  the  offspring,  its  effect  on  the  ofiiBpring  of  the  third 
generation  would  be  intensified,  and  thus  a  process  of  accretion  during 
several  generations  may  be  required  to  stamp  acquired  characters  on 
offspring. 
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of  the  offspring,  while  in  the  uterus,  in  consequence  of  the  intimate 

union  that  exists  for  a  considerable  period  of  tima     It  is  a  familiar 

observation  that  animals  reared  outside  the  mother's  body,  as  in 

most  invertebrates,  in  fishes,  amphibians,  and  birds,  are  remarkably 

similar  to  each  other.     The  individuals  in  a  shoal  of  fish  or  a  flock 

of  sea  gulls  or  sparrows  can  scarcely  be  distinguished.    It  is  when 

we  reach  the  stage  of  development  by  placental  connection  that 

we  begin  to  observe  diversity  of  appearance,  and  if  along  with 

this  we  suppose  that,  in  consequence  of  a  great  development  of  Ihe 

nervous  system,  the  female  becomes  more  and  more  susceptible  of 

external  impressions  which  rfeact  on  her  body  and  through  her 

body  on  her  offspring  in  tUero,  an  explanation,  so  far,  of  individual 

peculiarities  of  the  human  race  becomes  apparent.     There  can  be 

no  doubt  that  pregnancy  makes  a  remarkable  change  on  the  mother, 

to  such  an  extent  that  the  characters  of  subsequent  ofisprings 

may  be  influenced.     Thus,  it  is  well  known  to  breeders  of  animals 

that  a  pregnancy  induced  by  a  certain  kind  of  male  may  deterior, 

ate  the  characters  of  ofiGspring  that  owe  their  origin  to  subsequent 

impregnations  by  other  males.*     It  is  possible,  therefore,  that  not 

a  few  maternal  characters  may  arise  in  this  way,  and  that  if  we 

could  hatch  human  beings  as  we  can  hatch  eggs,  human  beings  might 

be  so  similar  in  appearance  as  to  be  practically  indistinguishable.t 

There  is  still  one  other  view  of  the  matter  which  I  shall  briefly 

notice.     If  the  germinal  vesicle  be  only  the  1 -500th  of  an  inch, 

and  the  head  of  the  spermatozoid  be  only  the  l-6250th  of  an  inch 

in  diameter,  dare  we  suppose,  on  purely  physical  grounds,  that  so 

small  a  particle  of  matter  as  is  formed  by  the  union  of  the  two 

can  contain  a  sufficient  number  of  organic  molecules  to  account 

in  any  way  for  the  transmission  of  hereditary  peculiarities?    The 

late  Professor   Clerk   Maxwell,  {   in  his   profoundly   interesting 

article  on  the  Atom  in  the  Encyclopo&dia  Britannica,  thus  states 

the  case: — 

**  The  first  numerical  estimate  of  a  diameter  of  a  molecule  was  that  made 
"  by  Loschmidt  in  1865  from  the  mean  path  and  the  molecular  volume. 
"  Independently  of  him,  and  of  each  other,  Mr.  Stoney,  in  1868,  and  Sir 
**  W.  Thomson,  in  1870,  published  results  of  a  similar  kind — ^those  of 

*  A.  Harvey.  1.  Relative  influence  of  male  and  female  parents ;  Monthly 
Journal  of  Medical  Science,  1854»  2.  On  the  foetus  in  tUero;  Edinburgh, 
1850.     3.  FodtuaintUero;  Glasgow,  1859. 

+  This  is  a  profound  subject,  and  is  only  touched  lightly  in  the  above 
paragraph,  and  I  ofier  these  remarks  merely  by  way  of  suggestion. 

t  J.  Clerk  Maxwell.    Article  Atom,  in  Hincyclop,  Britan,,  9th  ed. 
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**  ThoxnBon  being  deduced  not  only  in  this  way,  bat  from  considerations 
*'  derived  from  the  thickness  of  soap-bubbles,  and  from  the  electric  action 
'*  between  zinc  and  copper. 

"  The  diameter  and  the  mass  of  a  molecule,  as  estimated  by  these 
**  methods,  are  of  course  very  small,  but  by  no  means  infinitely  so.  About 
'*  two  millions  of  molecules  of  hydrogen  in  a  row  would  occupy  a  milli- 
"  metre,  and  about  two  hundred  million  million  million  of  them  would 
* '  weigh  a  milligramme.  These  numbers  must  be  considered  as  exceedingly 
' '  rough  guesses ;  they  must  be  corrected  by  more  extensive  and  accurate 
' '  experiments  as  science  advances ;  but  the  main  result,  which  appears  to 
"  be  well  established,  is  that  the  determination  of  the  mass  of  a  molecule 
'*  is  a  legitimate  object  of  scientific  research,  and  that  this  mass  is  by  no 
'*  means  immeasurably  small. 

"  Loschmidt  illustrates  these  molecular  measurements  by  a  comparison 
*'  with  the  smallest  magnitudes  visible  by  means  of  a  microscope.  Nobert, 
"  he  tells  us,  can  draw  4,000  lines  in  the  breadth  of  a  millimetre.  The 
"  interval  between  these  lines  can  be  observed  with  a  good  microscope. 
"  A  cube,  whose  side  is  the  4000th  of  a  millimetre,  may  be  taken  as  the 
"  Tnimmum  visible  for  observers  of  the  present  day.  Such  a  cube  would 
*'  contain  from  60  to  100  million  molecules  of  oxygen  or  of  nitrogen ;  but, 
"  since  the  molecules  of  organised  substances  contain  on  an  average  about 
'*  50  of  the  more  elementary  atoms,  we  may  assume  that  the  smallest 
*'  organised  particle  visible  under  the  microscope  contains  about  two 
'*  million  molecules  of  organic  matter.  At  least  half  of  every  living 
*<  organism  consists  of  water,  so  that  the  smallest  living  being  visible 
"  under  the  microscope  does  not  contain  more  than  about  a  million  organic 
"  molecules.  Some  exceedingly  simple  organism  may  be  supposed  built 
"  up  of  not  more  than  a  million  similar  molecules.  It  is  impossible,  how- 
**  ever,  to  conceive  so  small  a  number  sufficient  to  form  a  being  furnished 
"  with  a  whole  system  of  specialised  organs.  Thus  molecular  science  sets 
*'  us  face  to  face  with  physiological  theories.  It  forbids  the  physiologist 
"  from  imagining  that  structural  details  of  infinitely  small  dimensions  can 
"  furnish  an  explanation  of  the  infinite  variety  which  exists  in  the  proper- 
"  ties  and  functions  of  the  most  minute  organism. 

*'  A  microscopic  germ  is,  we  know,  capable  of  development  into  a  highly 
*'  organised  animal.  Another  germ,  equally  microscopic,  becomes,  when 
*'  developed,  an  animal  of  a  totally  different  kind.  Do  aU  the  differences, 
'*  infinite  in  number,  which  distinguish  the  one  animal  from  the  other,  arise 
**  each  from  some  difference  in  the  structure  of  the  respective  germs  ?  Even 
"  if  we  admit  this  as  possible,  we  shall  be  called  upon  by  the  advocates  of 
<*  Pangenesis  to  admit  still  greater  marvels.  For  the  microscopic  germ, 
*'  according  to  this  theory,  is  no  mere  individual,  but  a  representative  body, 
<<  containing  members  collected  from  every  rank  of  the  long-drawn  ramifi- 
"  cation  of  the  ancestral  tree,  the  number  of  these  members  being  amply 
* '  sufficient  not  only  to  furnish  the  hereditary  characteristics  of  every  organ 
**  of  the  body,  and  every  habit  of  the  animal  from  birth  to  death,  but  also 
'*  to  afford  a  stock  of  latent  gemmules  to  be  passed  on  in  an  inactive  state 
"  from  germ  to  germ,  till  at  last  the  ancestral  peculiarity  which  it  repre- 
**  sents  is  revived  in  some  remote  descendant. 
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Some  of  the  exponents  of  this  theory  of  heredity  have  attempted  to 
elude  the  diffionlty  of  placing  a  whole  world  of  wooderB  witiiin  a  body  eo 
*'  small  and  so  devoid  of  visible  stmcture  as  a  germ,  by  using  the  phrase 
*'  structureless  germs.  (See  F.  Galton,  'On  Blood  Relationship/  Proc 
^'  Roy,  Soe.j  June  13th,  1872.)  Kow,  one  material  system  can  differ  from 
*'  another  only  in  the  configuration  and  motion  which  it  has  at  a  given 
*'  instant.  To  explain  differences  of  function  and  development  of  a  germ 
"  without  assuming  differences  of  structure  is,  therefore,  to  admit  that  the 
properties  of  a  genn  are  not  those  of  a  purely  material  system." 


<« 


It  is  sinoe  that  article  was  pubUahed  in  1876  that  moat  of 
the  results  laid  before  you  in  this  paper  have  been  reached,  and  I 
have  often  conjectured  as  to  how  far  Professor  Clerk  Maxwell 
would  have  modified  these  opinions  in  the  light  of  more  recent 
research.  Neither  ovum  nor  spermatozoid  is  now  to  be  regarded 
as  destitute  of  structure,  and  the  tendency  of  these  researches  is 
to  show  that  the  peculiaritieB  of  difiTerent  ova  depend  on  differences 
of  molecular  structure.  Further,  small  as  the  reproductive 
body  formed  by  the  fusion  of  the  male  and  female  elements  is, 
it  is  still  large  enough  to  contain  miUions  of  organic  molecules 
having  a  complexity  of  structure  as  great  as  that  of  a  molecule  of 
albumen.  The  physiologist  also  lays  stress  on  the  fact  that  all 
the  tendency  of  his  work  on  these  minute  structures  is  in  the 
direction  of  detecting  differences,  not  necessarily  physical  in  the 
sense  of  being  discernible  by  any  possible  microscope,  but  differences 
of  a  chemical  nature — ^in  other  words,  molecular.  Nor  are  the 
tissues  so  various,  nor  are  individual  peculiarities  so  numerous,  as 
the  physicist  is  apt  to  suppose.  Much  depends  on  vegetative 
repetition,  so  that,  given  the  peculiarities  of  any  individual,  it  is 
not  improbable  that  a  few  thousand  special  types  of  cell  formation, 
as  regards  molecular  structure,  would  be  sufficient  to  account 
for  the  special  peculiarities.  There  is  room  enough  for  many 
such  molecules  in  a  cube  of  idioplasm  having  a  side  of  1 -500th  of 
an  inch. 

I  have  attempted  to  give  a  condensed  account  of  the  various 
theories  put  forward  to  explain  the  well-known  facts  of  heredity 
in  the  light  of  present  notions  regarding  ceUs,  nuclei,  and  proto- 
plasm. One  feels  in  discussing  such  theories  that  not  only  are  they 
still  incapable  of  explaining  aU  the  facts,  but  that  they  are  to  a 
considerable  extent  re-statements  of  the  facts  we  already  possess. 
Nor  can  we  think  that  the  possession  of  hereditary  characters  by 
chromatin  substance  ia  leas  wonderful  than  the  possession  of  these 
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properties  by  the  ovum  or  bj  the  spermatozoon.  The  ultimate 
problem  is  still  mysterious,  and  it  will  continue  to  be  so,  even  if 
it  should  be  possible,  at  some  far-off  future  in  scientific  research, 
to  trace  it  to  the  play  of  molecular  forces.  A  step  has  been  made, 
however,  and  it  is  possible  to  frame  a  theory  more  consistent 
with  fact  than  could  have  been  done  some  years  ago.  An  im- 
perfect theory  may  be  the  guide  to  a  better  one,  while  in  framing 
such  theories,  and  in  collecting  facts  from  all  possible  sources, 
there  is  the  intellectual  satisfaction  of  endeavouring  to  reach  the 
truth.  The  danger  lies  in  adhering  too  closely  to  theory,  and  of 
substituting  the  theoretical  explanation  for  the  appreciation  of 
the  facts.  Above  all,  the  scientific  spirit  must  beware  of  dog- 
matism. In  the  words  of  Sir  Isaac  Newton :  "  We  are  diffident 
in  the  presence  of  Nature." 
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V. — Some  early  Treatises  on  Technological  Chemistry.     By  John 
Ferguson,  M.A.,  Professor  of  Chemistry  in  the  University 


of  Glasgow. 


[Read  before  the  Society,  January  6,  1886.] 


§  1. — During  the  sixteenth,  seventeenth,  and  eighteenth  cen- 
turies there  was  produced  a  considerable  number  of  books  dealing 
with  the  marvels  of  nature,  with  popular  science  and  medicine,  and 
with  practical  receipts  for  domestic  and  workshop  use,  which  went 
under  the  common  title  of  "secrets."  Elsewhere*  I  have  enumerated 
some  300  of  these,  which  have  come  under  my  notice  from  time 
to  time,  and  have  endeavoured  to  show  that  they  are  possessed  of 
different  degrees  of  merit,  both  as  concerns  their  contents  and  them- 
selves. Among  them  there  are  upwards  of  a  score  which,  though 
published  under  different  names,  in  different  languages,  and  at 
different  times,  exhibit  such  close  relationship  to  each  other  that 
they  are  obviously  variations  and  extensions  of  one  work.  They 
are  practically  unknown  to  bibliographers  and  to  the  historians 
of  chemistry,  and  there  is  nothing  more  than  a  hint  existing  as  to 
their  origin  and  authorship.  Although  I  have  mentioned  most  of 
them  in  the  papers  referred  to,  I  have  not  exhausted  what  may  be 
said  about  them,  and  I  propose  in  the  following  to  give  a  list  of 
them  in  chronological  order,  and  such  descriptions  as  may  exhibit 
their  history  and  connection  with  one  another.  I  have  tried 
to  make  the  list  as  complete  as  possible,  but  I  do  not  doubt  that 
there  are  editions  of  some  of  the  forms  of  the  collection  which 
have  escaped  me.  If  it  be  so  they  must  be  even  scarcer  than 
those  now  described,  all  of  which,  the  earlier  editions  especially, 
have  been  most  difficult  to  procure  for  examination. 
2.— 


1. — 1531.    Rechter  Gebrauch  d'  |  Alchimei,  Mitt  vil  bissher  verborgenen, 
nutzbaren    vnnd   |   lustigen    RUnsten,    Nit    allein   den   ftlrwitzigen 

*  In  my  Bibliographical  Notes  on  Histories  of  Inventions  and  Books  of 
Secrets,  communicated  to  the  Archaeological  Society  of  Glasgow,  and  printed 
in  their  Transactions  for  1883  and  1885.  The  present  notes  may  be  regarded 
as  a  supplement  to  these  papers. 
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AlchimiB-  I  misten  faicj,  Sonder  alien  knnstbaren  Werckleutten,  |  in 

▼nd  ansserhalb  fears.      Auch  Bnnst  aller  |  menglichen  inn  vil  wege 

zage- 1  branchen.  |      CT  ^®  Character,  FigUrliche  bedeuttungen,  vnd 

namen  der  Me  |  tall,  Corpus  vnd  Spiritus.  |     0*  Der  Alchimistischen 

yerlateineten  worter  ausslegung.  |      (£  Register  am  volgenden  blat.  | 

Small  4to,  ff.  xxvii,  and  one  blank.    Type  of  a  somewhat  florid  kind  is 

used  for  the  title-page.     Without  place  and  printer's  name.    The  date : 

M.D.XXXI.  is  on  f.  xxvii.  verso.    There  is  a  vignette  of  a  jeweller's 

shop  on  the  title.     On  the  reverse  of  the  title  are  the  symbols  and  names 

of  the  metals,  &c.,  a  list  of  certain  Latin  alchemical  words,  with  their 

meanings,  and  the  beginning  of  the  table  of  contents,  which  ends  on  the 

reverse  of  f.  ii.      The  text  begins  on  f.  iii.,  and  runs  on  to  f.   xxvii. 

The  first  receipt  is  how  to  make  imitation  amber:  AgaUteyn  xumachen 

artUch  vnd  klar,  and  the  last  to  refine  gold:  Wie  aich  das  goU  gradirt. 

This  is  the  earliest  edition  of  the  collection  that  I  have  seen, 
and  I  judge  it  to  be  the  first,  because  I  have  found  no  reference 
to  any  one  before  it,  and  because  it  contains  less  matter  than  any 
of  its  successors.  The  book  is  not  mentioned  by  any  authority 
except  Schmieder,*  who  says  that  it  was  written  by  George 
Agricola,  the  metallurgist,  and  that  it  was  printed  at  Cologne;  but 
there  is  no  evidence  in  support  of  these  statements  in  the  book 
itself,  and  both  of  them  are  very  questionable,  if  not  demonstrably 
erroneous. 

As  to  the  place  of  printing. — Two  years  later,  in  1533, 
Christian  Egenolph,  at  Frankfurt-am-Main,  printed  a  little  tract 
of  39  leaves,  entitled:  Bergwerck  vnd  Probirbuchlin,  including 
Gilbertus  Cardinal  on  solution  and  parting  of  the  metals,  to  be 
noticed  below  in  connection  with  Kertzenmacher.  On  f.  32  of 
this  tract  there  is  the  identiccU  woodcut  of  a  jeweller's  shop — not 
a  mere  copy — which  forms  the  vignette  of  the  present  treatise. 
Further,  the  Bergwerck. .  ,biichlin  contains  woodcuts  of  a  mufiie  and 
furnace  for  assaying  which  were  used  over  again  in  1574,  by  the 
heirs  of  Christian  Egenolph,  for  a  book  entitled  Probier  Biichlein. 
Now,  in  the  preface  to  this  latter  work,  and  the  head-line  of  each 
page,  the  same  florid  type  is  used  as  in  the  title-page  of  the  1531 
edition.  I  have  no  hesitation  in  inferring  from  these  coincidences 
that  this  first  edition  was  printed  by  Egenolph  at  Frankfurt. 
Later  editions  (Nos.  7  and  11)  were  printed  by  Egenolph  and  his 
heirs,  as  well  as  an  edition  of  Kertzenmacher,  in  1674  (No.  12), 
which  is  uniform  with  the  Probier  Biichlein  of  the  same  year, 
above  mentioned,  and  which  contains  the  same  florid  type. 


*  Cfeschkhte  der  Alehemie,  Halle,  1832,  p.  270. 
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As  to  Agricola's  authorship. — Schmieder  states  that  in  his  jouth 
Agricola,  who  from  his  love  of  knowledge  acquired  the  name  of 
FhUopettsteSy  had  pursued  alchemy  and  had  written  some  treatises 
on  it,  which  were  sought  for  after  he  had  distinguished  himself  in 
other  ways;  and  then  he  gives  the  names  of  the  said  treatises,  of 
which  the  Bechter  Gtbratush  d'Alchimei  is  one,  and  the  other  is 
entitled:  GcUerazeya  sive  revelator  secretorum,  I.  De  lapide 
j9AiZ6«(>pAico,.... printed,  Schmieder  says,  in  1531  and  1534,  dates 
already  given  by  Dufresnoy  (HiatoWe  de  la  Philosophie  Herme- 
tique^  Paris,  1742,  III.,  p.  82),  who  has  also  assigned  the 
Galerazeya  to  Greorge  Agricola.  Schmieder's  account  seems  to  me 
to  be  purely  imaginativa  No  one  who  has  written  about  Agricola 
has  mentioned  these  treatises,  and  they  are  not  contained  in  the 
collected  editions  of  his  works;  the  Rechter  Gebraueh  was  published 
long  before  Agricola's  best-known  works  appeared,  whereas  the 
Galerazeya — at  least  the  copy  of  it  which  I  have  seen — was  printed 
at  Cologne  in  1631,  not  1531.  Further,  the  ReehUr  Gebraueh^  as 
will  appear  from  the  abstract  following,  is  a  collection  of  practical 
receipts,  whereas  the  Galerazeya  has  absolutely  nothing  to  do  with 
alchemy,  but  is  a  book  of  Roman  Catholic  controversy.  The 
author  was  a  certain  Daniel  Agricola,  Philopistius,  not  PhilapeuiteSj 
who  lived  to  the  comfortable  age  of  110  years,  and  whose  whole 
life,  as  recorded  in  the  introduction,  does  not  tally  at  all  with  that  of 
G^rge  Agricola  the  miner,  metallurgist,  and  geologist.  I  have 
no  doiibt  that  Schmieder  never  saw  a  copy  of  the  Galerazeya,  but 
simply  followed  Dufresnoy.  It  is  not  so  easy  to  understand  what 
led  him  to  credit  Agricola  with  the  Rechter  Gebrauefi,  There  is 
no  indication  of  his  being  the  author  that  I  am  aware  of,  and 
Schmieder  has  not  noticed  that  a  difficulty  arises  from  the  work 
of  Kertzenmacher  (which  he  himself  has  quoted  [p.  280],  and 
which  I  have  included  in  the  present  series),  having  a  similar  title. 
Was  Kertzenmacher  the  author  of  this  first  edition?  In  the 
meantime  the  author  of  it  is  unknown. 

The  contents  of  the  book  itself  are  entirely  practical,  and 
have  little  or  nothing  to  do  with  speculative  or  transcendental 
alchemy.  In  this  respect  it  is  very  remarkable  that  the  author, 
whoever  he  was,  should  have  affirmed,  in  the  very  title  of  his 
work,  that  the  right  tue  of  Alchemy  was  not  solely  to  transmute 
the  metals,  but  to  produce,  by  chemical  art,  different  substances  that 
were  in  constant  demand  for  every  day  purposes,  and  to  enable 
work-people  and  artists  to  compass  their  ends  more  easily  and 
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successfully.  The  work  is  a  collection  of  chemical  receipts,  which, 
doubtless,  had  been  long  and  well  known  to  alchemists,  metal- 
lurgists, and  others,  but  which  may  never  have  been  reduced  to 
a  system.  Anyhow,  the  existence  of  this  and  the  later  editions 
shows  that,  untrammelled  by  the  unconfirmed  theories  of  the 
alchemists,  there  was  a  desire  to  turn  their  incidental  discoveries 
to  some  useful  purpose.  Apparently,  anything  that  was  worth, 
any  process  that  would  yield  a  definite  result,  was  taken  advantage  . 
of,  and  by  degrees  came  to  be  widely  known,  and  to  form  the 
common  property  of  artists  of  different  kinds,  and  to  be  placed 
in  books  of  receipts  and  secrets. 

A  charactenstic  of  this  and  the  other  books  of  the  series  is  the 
absence  of  concealment  under  misleading  names  of  the  substances 
to  be  used  and  the  processes  to  be  followed.  The  alchemist  was 
always  at  great  pains  to  withhold  the  secrets  of  his  art  from  those 
deemed  ignorant  and  unworthy,  and  he  was  in  the  habit  of  express- 
ing himself  in  an  allegorical  and  enigmatical  style,  which  is  one  of 
the  chief  obstacles  to  understanding  what  the  alchemists  would 
be  at  In  this  book,  however,  there  is  nothing  of  the  kind,  and 
if  there  is  obscurity  occasionally,  it  is  due  less  to  the  language 
employed  than  to  the  difficulty  of  identifying  the  bodies  mentioned, 
or  of  seeing  precisely  what  is  the  drift  of  the  operation  described. 

This  book  exhibits  very  fairly  the  practical  knowledge  of 
chemistry  at  the  beginning  of  the  sixteenth  century.  Many  of 
the  processes  seem  very  roundabout  and  evei)  absurd  now,  but 
then  they  were  the  best  to  be  had,  and  it  must  be  remembered 
that  three  and  a  half  centuries  have  elapsed  from  the  date  of  the 
book  which  records  them,  centuries  filled  with  research  into  the 
causes  of  the  changes  which  at  that  time  were  only  slightly  known 
after  the  most  tentative  fashion. 

The  receipts  are  not  arranged  in  any  regular  way,  but  for  our 
present  purpose  it  may  suffice  to  consider  very  briefly  the  contents 
of  the  book  under  two  main  heads :  A.  substances,  and  B.  processes. 

A — ^The  substances  which  bulk  most  largely  in  the  receipts  are 
naturally  the  metals  and  some  metallic  compounds.  Gold  and 
silver,  mercury,  antimony,  tin,  lead,  bismuth,  copper,  and  iron 
are  commonly  spoken  about.  Brass  was  made  from  copper  and 
calamine;  amalgams  of  gold  and  silver  were  familiar,  and  the 
solvent  power  of  mercury  for  these  metals  was  employed  for 
removing  them  from  the  others,  as  well  as  for  getting  calx  of  gold, 
that  is  to  say,  gold  in  a  fine  state  of  division.     The  parting  of  gold 
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from  copper  by  antimony  and  by  liquation  with  lead,  the  cementa- 
tion and  cupellation  o£  gold,  the  separation  of  gold  by  aquafortis 
were  all  operations  well-known  at  the  time.  Other  operations 
were  used  for  silver. 

Gilding  and  silvering  were  largely  practised,  and  the  giving  of 
a  yellow  and  white  appearance  to  other  .metals  without  the  use 
of  either  gold  or  silver  was  often  employed.  But  the  method  of 
distinguishing  between  true  and  imitation  gold  by  streak  and 
aquafortis  is  described  also. 

Mercury  was  much  employed  for  the  purposes  above  mentioned. 
Cinnabar  was  made  from  it  artifically  by  heating  it  with  sulphur; 
and  sublimate  is  also  referred  to. 

Copper  was  quite  familiar.  Besides  being  gilt,  silvered,  and 
tinned,  it  was  converted  into  verdigris  by  acetic  acid,  from 
which  a  green  colour  was  obtained ;  by  the  action  of  calamine  it 
was  made  into  brass ;  it  was  whitened  by  treatment  with  arsenic. 

Lead  was  used  in  cupellation  and  liquation ;  it  was  converted 
into  white  lead  by  the  action  of  acetic  etcid,  and  the  process  closely 
resembled  that  pursued  at  the  present  day ;  red  lead  was  made  by 
heating  it  in  a  furnace ;  and  the  so-called  lac  virginis  was  made 
by  digesting  litharge  got  in  cupellation  with  acetic  acid. 

Tin  was  used  chiefly  for  coating  other  metals  and  for  alloying. 

Bismuth  is  mentioned ;  a  fiisible  alloy  was  employed  for  making 
casts;  it  was  got  by  melting  together  lead,  tin,  and  bismuth. 
This,  therefore,  is  a  very  old  alloy. 

Of  the  compoimds  of  iron,  green  vitriol  and  crocus  martis  are 
mentioned,  as  well  as  the  red  solution  of  ferric  acetate. 

Antimony  is  only  mentioned  in  connection  with  the  purification 
of  gold. 

White  arsenic,  orpiment,  and  realgar  are  referred  to.  Arsenic 
was  used  for  whitening  copper.  It  was  fused  with  saltpetre,  and 
the  i*esidue  (consisting  mainly  of  potassic  arseniate)  was  called 
Jixed  arsenic.  A  solution  called  a^ua  catisata  was  made  by  boil- 
ing together  arsenic,  realgar,  calcined  tartar,  sal  ammoniac,  with  a 
ley  of  ashes  and  quicklime. 

Zinc  itself  is  not  alluded  to,  but  lapis  calaminaris  or  galmeyj 
native  carbonate  of  zinc,  and  white  vitriol  are  mentioned. 

Of  the  acids,  the  only  two  that  are  distinctly  specified  are  acetic 
acid  and  nitric  acid.  The  latter  was  made  by  heating  together 
saltpetre,  alum,  and  vitriol 

Though  sulphur  was  much  used,  there  is  no  reference  either  to 
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the  acid  spirit  or  acid  oil  of  sulphur — that  is  to  say,  sulphurous 
or  sulphuric  acid.  Two  kinds  of  oil  of  sulphur  are  described,  one 
made  by  distilling  linseed  oil  with  sulphur,  the  other  by  digesting 
sulphur  with  oil  of  tartar — that  is  to  say,  with  a  strong  solution  of 
carbonate  of  potash,  but  these  are  oils  in  a  very  different  sense  of 
the  term. 

The  list  of  saline  substances  is  comparatively  limited.  Besides 
those  already  quoted,  it  includes  common  salt,  which  was  sub- 
jected to  an  elaborate  but  very  imperfect  purification ;  tartar, 
calcined  tartar,  ashes,  sal  alkali,  caustic  potash,  both  solid  and 
in  solution,  made  by  boiling  ashes  with  quicklime,  which  in  its 
turn  was  got  by  calcining  Qgg  shells  when  wanted  pajiiicularly 
pure ;  sal  ammoniac,  alum,  and  an  artificial  substitute  for  borax, 
consisting  of  carbonate  of  potash  and  common  salt,  or  of  tartar 
and  common  salt. 

B. — The  processes  are  of  a  very  rudimentary  character,  and 
relate  mainly  to  gilding,  silvering,  tinning,  and  calcining  the  different 
metals,  under  which  term  was  included,  in  pure  ignorance  of  the 
different  results,  a  good  deal  more  than  would  be  understood  now, 
purification  and  refining  of  the  metals  and  alteration  of  their 
appearance  and  properties,  the  separation  or  parting  of  the  metals, 
the  rendering  of  them  more  malleable,  the  formation  of  various 
solutions  or  waters  as  they  were  called,  the  preparation  and  purifi- 
cation of  the  salts  and  compounds  previously  mentioned.  There  are 
besides  some  miscellaneous  receipts.  The  very  first  receipt  in  the 
book  is  to  make  imitation  amber.  This  was  done  by  boiling 
turpentine  and  oil  together  till  thick,  stirring  well,  and  pouring 
into  a  mould  and  exposing  to  the  sun  for  eight  days.  Out  of  this 
could  be  cut  Paternoster  beads,  knife  handles^  kc.  Another 
method  was  to  make  a  mixture  of  eg^  yolks,  gum  arabic,  and 
cherry  gum,  and  allow  it  to  harden  in  the  sun.  It  became  trans- 
parent^ and  "  when  rubbed,  it  attracted  straws  like  other  amber." 
According  to  another,  gems  were  polished  with  powdered  antimony 
(that  is  to  say,  the  native  sulphide)  on  a  leaden  sheet.  A  pyrophorus 
was  made  by  heating  a  loadstone  with  sulphur  very  slowly  up  to 
incandescence,  keeping  it  in  that  state  for  three  days  and  nights, 
and  then  allowing  it  to  cool.  When  moistened  it  burns.  Imita- 
tion pearls  were  made  from  mussel  and  snail  shells,  thoroughly 
clean,  powdered  in  a  mortar,  washed  on  a  cloth  in  the  sun,  dried, 
and  calcined.  The  residue  powdered,  was  added  to  pure  white  of 
egg  and  thoroughly  stirred  in,  and  then  moulded  "  with  carefully 
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washed  hands"  to  the  required  size,  a  hole  drilled  through  the 
pearls  while  still  soft,  which  were  afterwards  dried  in  the  sun. 
They  were  finally  polished  in  red  wine,  and  fair  pearls  were  thus  got. 
Scented  pastilles  were  made  with  labdanum,  storax,  cinnamon, 
and  other  odoriferous  substances  mixed  with  charcoal  powder,  the 
whole  converted  into  a  paste  with  gum  tragacanth  and  water, 
which  was  then  moulded  into  pastilles  with  the  hand.  Petroleum 
was  obtained  by  soaking  bricks  or  tiles  in  oil  and  then  distilling  at 
a  high  temperature.  These  operations  involved  furnaces  and 
vessels  which  are  mentioned  as  things  sufficiently  well-known,  and 
the  operations  themselves  consisted  in  digesting  with  acetic  acid 
and  other  menstrua,  in  crystallization,  precipitation,  sublimation, 
cupellation,  cementation,  roasting,  fusion. 

In  no  case  is  there  any  explanation  of  a  process  given — in  no 
case  does  there  appear  to  have  been  even  a  rudimentary  concep- 
tion of  the  rationale  of  it.  On  the  contrary,  the  results  were 
sometimes  entirely  misunderstood,  substances  or  products  were 
misnamed,  and  there  was  no  notion  of  the  permanence  of  the 
matter  operated  on,  or  of  the  constancy  involved  in  the  various 
changes.  There  is,  for  example,  a  process  for  "  hardening  mercury*' 
which,  assuming  that  the  substances  employed  were  the  same  as 
those  denoted  by  the  names  now,  and  so  far  as  the  operations  are 
intelligible,  could  not  lead  to  the  result  supposed.  A  small  hollow 
or  depression  is  made  in  melted  lead  before  it  solidifies.  Over  this 
a  cloth  is  placed,  and  then  mercury  on  the  cloth,  and  the  whole  is 
set  in  warm  ashes  till  the  '^mercury"  becomes  hard.  The 
"  hardened  mercury ''  is  broken  into  pieces  and  placed  in  strong 
'*  vinegar,"  or  in  juice  of  the  plant  ox-tongue,  vinegar,  and  oil, 
and  boiled  for  a  quarter  of  an  hour.  The  "  mercury  "  is  mixed 
with  sal  ammoniac  and  vinegar  in  a  luted  vessel  and  left  for 
eight  or  ten  days ;  the  **  vinegar  extracts  all  the  roughness  from 
the  mercury ; "  the  "  mercury  "  is  transferred  to  another  vessel  in 
a  wind  furnace,  where  it  is  heated  gradually  to  redness  till  it 
detonates.  The  "  mercury "  is  then  hung  in  a  pot  with  sulphur 
at  the  bottom  of  it,  and  a  gentle  heat  is  applied  to  vaporise  the 
sulphur.  This  is  to  be  repeated  once  a  day  for  thirty  days.  The 
^< mercury"  is  now  removed,  and  can  be  hammered  and  fused. 
This  "  mercury,"  melted  with  twice  its  weight  of  copper,  gives  a 
product  which  behaves  to  all  tests  like  genuine  silver. 

So  far  as  one  can  see,  the  sole  result  of  this  curious  operation, 
lasting  five  or  six  weeks,  is  to  yield  the  lead  that  was  begun  with, 
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or  sulphide  of  lead,  while  a  quantity  of  mercury  is  sent  up  the 
chimney  of  the  wind  furnace. 

Time  and  reiteration  were  important  factors  with  the  early 
chemists.  Here  is  another  example :  '^  To  make  gold  from  mer- 
cury." A  parting  water  (nitric  acid)  was  made  out  of  vitriol 
(sulphate  of  iron),  saltpetre,  and  plumose  alum,  into  which  crude 
mercury  was  put.  The  "  water  "  was  distilled  off  and  poured  back 
again,  or  new  "  water "  was  added,  and  the  whole  was  put  in  a 
long-necked  flask  to  which  a  little  alembic  was  well  luted,  with  a 
receiver,  and  the  water  distilled  away  from  the  mercury  by  means 
of  a  gentle  fire  till  the  mercury  became  red  like  blood,  and  gave  no 
fume  when  heated,  ''which  will  happen  in  three  months''  (!!). 
"  Test  it  for  two  or  three  months,  the  mercury  will  become  fixed, 
reduce  it  quickly  with  borax  or  saltpetre  and  it  will  be  changed 
into  true  gold." 

Here,  again,  there  is  a  consumption  of  three  whole  months,  an 
endless  amount  of  labour  and  expenditure  of  material  to  make 
what  appears  to  be  nothing  more  than  red  oxide  of  mercury.  As 
for  the  transformation  into  true  gold,  that  may  have  been  due  to 
the  mercury  containing  some  gold  when  used  for  the  operation 
described,  or  it  may  not  have  been  gold  at  all.  It  is  idmost  useless 
to  try  to  determine  what  the  authors  of  these  methods  exactly 
intended,  or  whether  the  substances  are  the  same  as  ours,  or 
whether  they  were  pure  or  not,  or,  in  short,  anything  about  the 
details.  All  the  processes  are  quite  empirical,  and  as  the  chemical 
properties  of  the  substances  employed  were  virtually  unknown, 
they  must  have  often  neutralised  each  other's  effects  instead  of 
contributing  to  the  wished-for  result  That,  however,  was  inevit- 
able in  the  then  state  of  science ;  rather  we  may  wonder  that  so 
much  was  known  as  seems  to  have  been  the  case. 

This  collection  forms  the  groundwork  of  the  edition  of  1537, 
and  is  contained  in  whole  or  in  part  in  almost  every  one  of  the 
editions. 

2. — 1532.  Kunstbiichlem.  Allerley  Mackel  vnd  Fleckeu  aus  gewand, 
Samnmt  (sic)^  Seiden,  etc.  zu  bringen.  Dazu  auch  wie  einem  jeglich 
Gewand  seyn  verlorne  farb  wider  zu  bringen  sey,  desgl.  Garn  und 
Leinwand  zu  farben  etc.  Niimb.  d.  Cunigund  Hergotm  1532. 
in-4^.     ($th.     Lempertz.) 

This  book  is  quoted  by  Graesse  {Tresor  de  Livres  Bares, 
Dresden,  1863,  t.  iv.,  p.  53),  but  I  have  not  seen  it.  To  judge 
from  the  title,  it  is  quite  different  from  No.  1 ;  but  it  would  be 
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interesting  to  know  if  it  is  the  first,  or  an  early  edition  of  the 
tract  with  the  same  title,  on  the  same  topic,  which  is  included, 
along  with  No.  1,  in  the  1537  and  others  of  the  later  editions. 
That  could  only  be  settled  by  actual  comparison  of  the  contents. 

It  may  be  mentioned  here  that  Graesse  quotes  other  two  tracts 
entitled  Kunstbuchlin,  One  was  printed  at  Erffort  in  1599,  the 
other,  compiled  by  Heinr.  Vogtherr,  appeared  at  Strassburg  in 
1538.  These  tracts  seem  to  be  quite  distinct  from  the  series  now 
under  consideration.     I  have  not  seen  them. 

3. — 1537.    Kiiuatbiichlin,  gerecht-  |  ten    griindtlichen    gebrauchs  |  allei* 
kunstbaren  WerckleUt.  | 

Ertzarbait,  inn  vnd  auasei'halb  fetirs,  ansa  Alchimistischem  | 
vnd  natijrlichem  grand,  nemlich, 

Harten,  Weychcn. 

Schmeltzen,  Schaideu. 

Abtreyben,  Probiern. 
_       .  Loten  Etzen. 

Abformen,  AbgiesBeu  Ac. 
I  Jede  farben  zuberaiten,  erhalten, 
Ibessem  vnd  \iiderbringen,  als  zum 

Malen,  Schreyben. 

niumlniem,  Verguldeu. 

Sticken,  Edelgestain  &c. 

Alles  Jnhalt  zu  end  beygelegten  Regiaterlins. 

M.D.XXXVII. 
Small  4to,  ff.  xxxvii.,  and  1  of  index.     The  vignette  contains  pictnres  of 

the  inBtruments  employed  in  the  processes. 
Colophon :    Getruckt  zu  Augspurg,  durch  Heinrich  Steyner,  |  am  XVIII. 

tog  Junij,  im  ^.D.  XXXVII.  (sic)  Jarr. 

ThiB  book  may  be  divided  into  two  parts.  Leaves  16  verso  to  37 
contain  a  simple  reprint  of  the  whole  contents  of  the  edition  of 
1531,  No.  1,  about  which,  therefore,  there  is  nothing  more  to  say. 
The  preceding  leaves,  however,  contain  additional  receipts,  of 
which  the  following  is  a  brief  abstract:— 

Leaves  2-6  are  occupied  with  receipts  for  working  with  iron 
and  steel.  These  metals  were  tempered  by  heating  with 
horn  shavings,  or  blood,  or  leather,  the  colour  of  the  steel  was 
noted,  and  degrees  of  temper  were  given  to  different  tools  by 
quenching  in  water,  in  infusions  of  plants,  in  tallow,  in  oil,  in 
soap,  and  other  substances. 

The  so-called  solders  were  fusible  mixtures  of  various  kinds. 
One  employed  for  joining  iron  in  the  cold  was  made  up  of 
sal  ammoniac,  common  salt,  calcined  tartar,  bell-metal,  antimony, 
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all  ground  intimately  together,  and  made  into  a  paste  with  glue. 
This  was  heated  very  slowly  to  fusion,  th^n,  when  cold,  it  was 
reduced  to  fine  powder.  The  two  pieces  of  iron,  fitting  as  closely 
as  possible,  were  fastened  to  a  board,  with  paper  below,  the 
powder  was  laid  on,  and  moistened  with  wine,  in  which  borras  (I 
presume  the  artificial  mixture  already  referred  to  under  No.  1) 
was  dissolved;  after  the  ensuing  ebullition  was  over  the  action 
was  complete,  and  the  superfluous  material  was  rubbed  off.  Sup- 
posing  there  was  an  action,  it  is  not  easy  to  see  what  part  the 
different  ingredients  took  in  it.  For  copper,  a  solder  was  made  of 
copper  and  white  arsenic,  and  brass  filings  weraalso  used. 

Fluxes  for  ores  were  made  of  sandever,  ashes,  lime,  pounded 
salt,  tartar,  and  saltpetre,  all  powdered  together  and  thrown  upon 
the  ore.  Another  contained  sulphur,  lead,  litharge,  saltpetre, 
salt,  sandever,  all  well  powdered  and  mixed.  These  mixtures 
would  undoubtedly  slag  or  vitrify  when  heated. 

Etching  upon  iron  and  steel  was  carried  out  by  coating  the 
surface  of  the  object  with  wax,  or  with  massicot  or  red  lead  and 
oil,  cutting  the  pattern  through  the  film,  and  then  acting  on  the 
metal  thus  exposed  with  a  water  containing  verdigris,  mercury 
sublimate,  vitriol,  and  alum,  or  laying  on  mercury  sublimate  and 
moistening  with  strong  vinegar.  This  seems  to  have  been  one  of 
the  ways  for  ornamenting  armour. 

Metal  objects  received  a  gold  colour  by  being  covered  with 
yellow  varnish.  Copper  was  silvered  by  grinding  intimately  on  a 
slab  tartar,  alum,  salt,  and  silver  leaf,  adding  water  and  dipping 
the  copper  in  it,  and  then  brushing  with  a  scratch  brush.  Iron 
or  steel  was  prepared  for  gilding  by  depositing  copper  on  it  from 
a  mixture  of  verdigris  and  sal  ammoniac. 

Leaves  6-7  contain  the  receipts  for  taking  spots  and  stains  out 
of  cloth.  The  title  of  this  section  corresponds  exactly  with  that 
of  the  preceding  work,  No.  2;  and  I  have  little  doubt  that  a  por- 
tion, if  not  the  whole,  of  that  tract  ia  incorporated  in  the  edition 
of  1537. 

The  detergent  employed  was  chiefly  wood  ashes  causticized  with 
slaked  lime,  and  in  this  the  stains  were  steeped  and  the  fabric 
afterwards  thoroughly  rinsed  with  water  and  hung  up  in  the  air 
to  dry.  The  operator  is  warned  to  keep  coloured  fabrics  out  of 
the  sun,  lest  the  colours  fade;  and  among  the  receipts  under  this 
division  is  one  for  stiffening  silk  with  gum. 

The  receipts  about  ink  occupy  leaves  8-10.     The  materials  used 
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were  nut  galls,  green  vitriol,  and  gum  water;  but  they  were  applied 
in  a  variety  of  ways,  and,  singularly  enough,  the  importance  of 
using  proper  proportions  was  insisted  on  as  a  preliminary  instruc- 
tion. 

Invisible  ink  was  procured  by  writing  with  vitriol  and  then 
washing  with  infusion  of  nut  galls.  Another  plan  was  to  write 
with  white  of  an  egg,  wash  ink  over  the  whole  surface,  and  then 
scrape  with  a  knife  where  the  writing  was  to  be  read. 

Writing  was  obliterated  by  washing  it  with  the  distillate  from 
a  mixture  of  sal  ammoniac  and  alum. 

Leaves  10-16  contain -the  sections  upon  colours  and  their  use. 
The  colours  were  partly  vegetable,  partly  mineral.  Thus,  a  red 
colour,  a  lake,  was  got  from  Brazil  wood,  alum,  and  lime  water, 
gum  being  added.  A  bronze  colour  was  made  from  the  same 
wood  with  gcUitzenstein,  which  is  native  white  vitriol  Yellow 
was  made  from  saffron,  and  from  the  yolk  of  eggs.  Green  was 
obtained  from  buckthorn  and  alum ;  verdigris  was  used,  and  also 
a  mixture  of  indigo  and  orpiment  What  was  called  Greek  green 
was  merely  verdigris.  Blue  colours  were  got  from  plants — the 
juice  of  elder  berries  with  alum  and  lime  water,  of  bilberries,  of 
mulberries,  and  of  com  flowers.  A  mixture  of  white  lead  and 
indigo  was  also  used.  The  preparation  of  mosaic  gold  is  given  in 
tolerable  detail;  the  materials  employed  wei*e  sal  ammoniac,  mer- 
cury, conterfey  (a  fine  coloured  brass),  and  sulphur.  Another 
mixture  was  tin,  bismuth,  mercury,  sal  ammoniac,  and  sulphur. 
Mosaic  silver  was  merely  tin  amalgam.  An  extraordinary  method 
of  getting  a  gold  colour  was  to  blow  an  egg,  fill  it  with  mercury 
rubbed  up  with  egg-yolk,  lute  the  holes  and  put  the  egg,  along  with 
half-a-dozen  others,  to  be  hatched  !  !  At  the  end  of  three  weeks 
the  colour  is  ready. 

Gold  leaf  was  used.  The  metal  was  ground  with  honey  and 
salt,  and  put  in  a  shell,  then  it  was  applied  with  gum  water  and 
burnished  with  a  tooth. 

Another  way  of  applying  metals  was  to  write  with  finely 
powdered  crystal  or  pumice  and  gum  water,  then  rub  on  the 
metal  till  there  was  enough,  and  finally  burnish.  Several  receipts 
of  a  similar  kind  are  given. 

The  next  section  refers  to  the  dyeing  of  horn,  feathers,  bone, 
parchment,  and  the  methods  were  the  same  for  all.  Feathers,  for 
example,  were  steeped  in  alum  and  then  put  into  the  colouring 
material.     Yam  and  cloth  were  dyed  in  the  same  way.     Thus,  to 
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dye  a  red,  the  cloth  was  limed  and  then  steeped  in  Brazil-wood 
and  alum;  cinnabar  also  was  used  and  lees  of  red  wine,  but  no 
distinction  is  drawn  between  mordant  and  pigment  colours. 

The  preceding,  without  exhausting  the  variations  in  the  receipts, 
will  give  some  notion  of  the  substances  employed  and  the  processes 
pursued.  Certain  practical  results  were  undoubtedly  attained, 
but  at  a  great  expenditure  of  time  and  of  material,  and  with  an 
uncertainty  inherent  in  every  empirical  process,  in  which  what  is 
essential  and  what  non-essential  to  success  are  unavoidably  con- 
fused. These  receipts,  however,  were  plainly  considered  of  the 
very  best  and  most  authentic  kind,  and  they  are  therefore  well 
worth  notice  and  consideration. 

4. — 1538.  KaiiBtbUchlein  gerechten  griiodlichen  Gebrauchs  aller  konstbaren 
Werken.  Von  Ertzarbeyt  etc.  H&rteo,  Weychen,  Loten,  Etzen, 
Abformen,  Malen,  Schreyben,  Luminiren,  Sticken  etc.  Augsp.,  H. 
Steyner  1538.    mA\    (38  fif.)    Av.  fig.  en  bois.     (22  gr.  Lempertz.) 

This  is  a  second  edition  of  the  previous  work.  No.  3,  1537. 
The  title  is  taken  from  Graesse,  Tresor  de  Livres  Bares,  Dresden, 
1863,  t  iv.,  p.  53.  See  also  No.  7,  1550.  Graesse  does  not 
mention  the  previous  edition. 

6. — 1539.  Alchimia.  Wie  man  alle  farben,  wasser,  olea,  salia  vnd  alumina, 
damit  man  alle  corpora,  spiritus  vnd  calces  preparirt,  sublimirt  vnd 
fizirt,  machen  sol.  Vnd  wie  mann  dise  ding  nutze,  aufif  das  Sol  vnd 
Luna  werden  mbg.  Auch  vom  soluuren  vnnd  schaidung  aller  metal, 
Polining  aller  handt  edel  gestain,  ftlrtreflichen  waasem  zum  etzen  etc. 
ein  kurtzer  begrif.  Strassb.  Cammerlander,  1539.  kl.  4.  Hit 
HolzBchn.     Hlbldr. 

This  title  is  taken  from  the  Antiqnarischer  Katdlog  of  C  H. 
Beck,  Nordlingen,  No.  165,  1885.  The  book  itself  I  have  not 
seen,  but  to  judge  from  the  title  it  is  an  early  edition,  perhaps  the 
first,  of  the  work  that  bears  the  name  of  Petrus  Kertzenmacher. 
See  No.  9,  1570;  No.  12,  1674;  No.  16,  1589;  No.  21,  1613; 
No.  26,  1720,  and  No.  29. 

6.— 1549.  CI  KanstBoeck.  |  Nyeulijck  |  wten  Alchemistichschen  |  gront 
vergadert,  Tracterende  |  van  alien  grontlijcke  gebruyc-  |  kinghen 
der  cnnsten.  Nutlijck  |  voor  alle  wercluidg,  als  Munt  |  meestere, 
Goltwerckere,  schey  |  deren,  Goltsmeden,  schilderen  |  e&  alle  ander 
wercluyde,  were-  |  kende  in  stael,  Yser,  coeper,  en  |  alle  andere 
metalen.  |  (I  Ghecolligeert  en  eensdeels  |  getraslateert,  door  Symonem 
I  Andree  van  Aemstelredam.  |  C^  Niem&t  is  hatende  de  cunst  |  dan 
die  onwetenen.  |  1549  | 

16mo.     Title,   surrounded  by  a  woodcut  border  with  flowers,  fruit, 
musical  ipstmments,  male  and  female  ttrmini^  &c. ;  on  the  reverse  is  a 
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picture  of  a  chemist  in  his  laboratory.     Besides  the  title-leaf,  there 
are  liij  numbered  leaves,  and  5  leaves  of  contents. 

The  last  leaf  contains  the  device  of  the  publisher  :  a  hooded  falcon 
perched  on  the  branch  of  a  withered  tree,  with  the  monogram  Ck  in 
the  corner,  and  mottos  on  three  sides. 

The  colophon  is  on  the  reverse  of  Hiij  : 
Geprent  toe  Gampe,  in  die  Broeder  |  straet  by  mi  8teuen  Joessen. 
Anno.  M.D.LI,  j  far  Voor  Comelis  Karelsen,  Woenendetot  |  Aemstel- 
redam  by  sinte  Olifs  poorte  int  guide  |  Missael.     Voorstaede  op  die 
Nieuwebrugge  |  aent  Paelhnysken.  | 

This  is  a  translation  into  Dutch,  with  some  modifications,  of  the 
German  edition  of  1537.  It  is  divided  into  six  tracts,  and  this 
is  the  first  notable  difference  between  the  two,  though  the  suc- 
cession of  the  receipts  is  in  reality  the  same.  Another  impor- 
tant difference  is  the  omission  in  this  edition  of  the  sections 
referring  to  inks  and  colours  (Ed.  1537,  ff.  8-14),  and  of  certain  of 
the  receipts  for  the  tempering  of  iron,  while  some  new  ones  have 
been  added.     The  contents  of  the  tracts  are  as  follow : — 

Tract  I.  treats  of  "iron,  steel,  and  other  materials,  and  how 
to  harden,  soften,  and  solder  them,  of  etching  on  the  same,  of 
colouring,  gilding,  and  silvering."  It  begins:  Om  yser  hart  te 
vvaken^  and  it  corresponds  to  ff.  2-6  in  the  1537  edition,  a  few  of 
the  receipts  being  omitted,  and  one  or  two  new  ones  added. 

Tract  IL  contains  receipts  for  "  removing,  by  means  of  water  or 
lye,  stains  or  spots  from  cloth,  velvet,  sUk,  or  other  stuffs,  whether 
of  oil,  fat,  wine,  or  whatever  it  be,  and  that  easily  and  without 
injury.''  This  includes  ff.  6-7  of  the  1537  edition,  but  a  few  receipts 
of  the  same  character  are  added  in  the  Dutch  version.  The  first 
receipt  is  how  to  i*estore  the  colour  to  cloth  :  Om  lakeii  tine 
verloren  verwe  weder  te  gheuen. 

Tract  III.  deals  with  the  "colouring  of  wool  and  linen,  the 
making  of  the  colours,  the  colouring  of  horn  and  bone,  the  soften- 
ing and  moulding  of  horn."  The  first  receipt  is  to  dye  yam  or 
linen  brown :  Om  garen  oft  lijnwaet  hruyn  te  verwen  ;  then  follow 
more  colour  receipts,  and  those  on  bone  and  horn  which  occupy  ff. 
15-16  in  the  1537  edition.  This  completes — as  above-mentioned 
— the  first  section  of  the  1537  edition,  which  is  succeeded  by  the 
reprint  of  that  of  1531.  The  same  thing  occurs  in  the  Dutch 
version,  for  towaixis  the  end  of  this  third  tract  is  found  the  receipt 
for  "  making  a  clear,  fair  amber,"  Agatsteen  aerdich  ende  claer  te 
maken^  as  it  is  given  in  the  1531  edition  (t  3).  This  third  tract 
contains  at  the  end  a  few  receipts;  which  do  not  occur  in  the 
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Grerman  vendons,  as  to  dye  silk  black,  which  was  effected  by 
boiling  it  for  an  hour  in  galls,  and  then  putting  it  in  a  black 
colour  made  from  gall-nuts  and  copperas,  with  rye  meal,  old  iron, 
hammer  scales;  to  dye  silk  and  hoofs  red  by  boiling  in  alum  water, 
and  then  with  madder;  to  dye  yam  black  by  boiling  pounded  galls 
in  water,  taking  the  galls  out  and  adding  Roman  copperas  and  a 
little  gum  arabic,  and  then  dipping  the  yam  in  the  pot.  The  same 
mixture  diluted  with  water  was  used  for  grey. 

Tract  IV.  '*  teaches  the  gilding,  silvering,  and  colouring  of 
copper,  iron,  (be,  how  to  fuse  and  cast  them  and  make  certain 
colours."  This,  which  begins  with  the  hardening  of  mercury,  so 
that  it  may  be  hammered,  cast,  and  worked,  Om  Mercurium  te 
arbeyden  ends  harden  datmense  svfieeny  gieten  ende  arbeyden  mach, 
corresponds  wiijh  ff.  4-8  in  the  1531,  and  with  ffi  17-20  in  the  1537 
editions.  One  or  two  receipts  are  again  added,  such  as  to  mend 
broken  glass  by  a  cement  of  red  lead,  quicklime,  fine  dust  from  a 
forge,  white  of  egg,  laid  on  with  a  cloth ;  to  make  lutum  sapiejUice, 
a  mixture  of  lime,  horse-dung,  iron  filings,  clay,  white  of  egg,  and 
salt  water  or  ox  blood  This  was  used  for  vessels  which  had  to  be 
heated  to  a  high  temperature,  or  for  luting  up  subliming  pots,  and 
for  similar  purposes. 

Tract  y.  relates  ^'  to  the  parting  of  gold,  silver,  copper,  <&c.,  and 
to  testing  them ;  useful  and  profitable  for  all  goldsmiths,  merchants, 
and  others  concerned  therewith,"  and  commences  with  the  separa- 
tion of  gold  and  silver :  Om  Golt  te  sclieyden  wt  Sylner,  which  is 
done  by  treating  the  conjoined  metals  with  aquafortis  at  a  gentle 
heat  as  long  as  bubbles  escape.  The  fluid  is  poured  into  a  copper 
dish  on  which  the  silver  deposits.  The  gold  which  remains  in  the 
glass  is  collected  and  fused.  A  considerable  variety  of  methods 
is  given,  and  there  are  receipts  for  colouring  metals  so  as  to  make 
them  look  like  gold  and  silver.  There  is  greater  divergence  from 
the  earlier  German  editions  in  this  tract  than  in  any  of  the 
others,  alike  in  the  way  of  addition,  omission,  and  alteration  of 
the  order  in  which  the  receipts  come. 

Tract  VI.  repeats  the  title  of  the  book,  as  it  is  concerned 
^'  with  certain  actions  of  Alchemistic  things,  to  make  gold  and 
silver,  and  also  with  all  calcinations  of  the  planets  [i.e.,  the 
metals],  to  make  waters  and  oils  of  the  same,  wherewith  to 
produce  wonderful  effects.''  It  begins  with  the  making  of  gold 
from  mercury,  and  follows  almost  exactly  the  order  as  given  in 
the  German  editions.     This  tract  is  therefore  a  strict  translation 
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of  ff.  13-27  of  the  1531,  and  of  ff.  25-37  of  the  1537  editions, 
with  transpositions  of  certain  receipts. 

Of  Andree,  or  Andriessen,  as  he  is  called  in  the  later  editions 
(Nog.  14,  19),  I  have  failed  to  find  any  particulars.  He  has 
fulfilled  his  promise,  for  his  miniature  collection  is  mainly  a 
selected  translation  from  the  Carman,  which  he  has  supplemented 
from  other  sources,  or  from  his  own  experience.  It  may  be 
observed,  however,  that  in  the  receipts  which  he  has  tiunslated 
he  has  introduced  no  modification  or  improvement.  Such  a  thing, 
if  thought  of,  was  either  kept  as  a  special  secret,  or  else  it  was 
given  as  a  separate  receipt  or  method. 

7. — [1550  ?].  Kunstbtichlin,  gerech-  |  ten  griindtlichen  gebrauchs  aller  | 
kunstbaren  Werckleut.  | 

.Ertzarbeyt,  in  vn  ausserhalb  feurs,  auss  AlchimlBtischem  | 

vud  nattirlichem  grund:  neinlich, 

Harten,  Weychen. 

Schmeltzen,  Scheyden. 

Abtreiben,  Probu*n. 
^      J         Lot^n,  Etzen. 

Abformen,  Abgiessen  &c. 
I  Jede  farben  znbereyten,  eriialten, 

bessem  vnd  widerbringen:  als  zum 

Malen,  Schreiben. 

Illuminiren,  Vergulden. 

Sticken,  Edelgeateyn  &c. 

%  Alles  Inhalt  zu  end  beigelegten  R^isterlins. 
If  Zu  Franckfurt  am  Meyn,  be!  ChriBtian  Egenolph. 
Small  4to,  ff.  37,  and  contents  [1].    The  vignette  on  the  title  is  the 
same  as  that  in  the  edition  of  1537.    There  is  no  date  or  colophon. 

This  book  is  a  word-for-word  reissue  of  the  edition  of  1537, 
No.  3,  but  it  is  not  nearly  so  nicely  printed.  I  presume  this  is 
the  edition  referred  to  by  Graesse,  who,  in  a  note  to  the  Kunst- 
buchUin,  1538  (No.  4  above),  says:  "II  y  en  a  une  seconde  ^. 
Frck/t.  a.  if.,  Chr.  Egenolff  (vers  1550).  in-4*'.  (1  th.  E. 
Weigel)."  Graesse,  so  far  as  I  know,  is  the  only  writer  who 
alludes  to  an  undated  edition  of  the  book. 

8. — 1563.  Ettliche  KUnste,  |  auff  mancherley  weisz  Dm-  |  ten  vnd  aller- 
hand  Farben  zu  bereyte.  Auch  |  Gold  vnd  Sylber,  sampt  alien 
Metallen  ausz  der  |  Feder  zu  schreiben,  Mit  vil  andem  ntttzlichen 
kiinst  I  lein.  Schreibfedem  vnd  Pergament  mit  al-  |  lerley  farben  zu 
ferben.  Auch  wie  man  |  Schrifft  vnd  gemalde  auf  Sta-  |  helene, 
Eisene  waaffen  v&  |  dergleichen,  etzen  sol.  |  Etliche  zugesetzte  Kttn- 
stUcklin,   vormals  |  im  druck  nie  auszgangen.  |      Allen   Schreibem, 
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Briefimalem,  sampt  |  andem  solcher   KUnsten  Liebhabem,  gantz  | 
loBtig  vnd  frachtbar  zn  wissen.  |      Den  Inhalt  dises  BUchlins,  vnd 
was  I  for  kiiost  hierinn  begriffen,  findest  du  |  anderseits  dises  Blats.  | 

Getmckt  za  Straazourg  bey  |  Christian 

MUUer,  Im  lar    |    M.  D.  LXIII.  | 

Small  8vo,  signatures  A — C,  or  £f.  24,  not  numbered. 

This  small  volume  consists  of  a  reprint  from  the  edition  of  1537, 
No.  3,  of  the  sections  on  inks,  colours,  etching,  and  cleaning  of 
silk  and  other  fabrics.  To  these  are  added  one  or  two  additional 
methods  of  making  a  red  colour  with  Brazil  wood,  and  methods  of 
colouring  horn,  bone,  glass,  and  a  pretty  full  section  on  the  dyeing 
of  leather. 

9.— 1570.  Alchimia,  |  Das  ist,  |  Alle  Far*  !  ben,  Wasser,  0-  |  lea,  Salia, 
vnd  I  Alvmina,  damit  mann  alle  Cor-  |  pora,  Spiritvs  vnnd  Cal-  |  ces 
Prepariert,  Sublimiert  vnnd  Fi-  |  xiert,  zubereyten.  Vnd  wie  mann 
di-  I  se  ding  niitze,  auff  dasz  Sol  |  vnd  Lvna  werden  |  moge.  Auch 
von  Soluiem  vnnd  schey-  |  dung  aller  Metall,  Polierung  allerhandt  | 
Edelgestein,  ftirtrefflichen  Wassem  zum  £tzen,  |  schey  den  vnnd 
Soloiem.  Vnd  zuletzt  wie  die  |  gifftige  Dtlmpff  zuuerhuten,  ein 
kur-  I  tzer  bericht,  &c.  |  Cum  Gratia  &  Priuilegio  Imperiali.  |  Zu 
Franckfort  am  Meyn.  |      M.  D.  LXX.  | 

Small  8vo,  fif.  79  (misprinted  77),  and  a  leaf  of  Contents.  There  are 
9  pages  occupied  with  woodcuts  of  dififerent  kinds  of  furnaces  and  dis- 
tilling apparatus.  In  the  text  is  a  cut  (repeated  three  times)  of  a  man 
engaged  in  tending  a  furnace  with  a  still,  and  one  of  a  flask  (repeated 
four  times).  The  title  is  printed  in  red  and  black,  and  on  the  reverse 
is  a  list  of  Latin  chemical  words,  with  their  meanings,  copied  from  the 
1531  edition. 

Colophon : — Zu  Franckfort  am  Meyn,  Bey  |  Christian  Egenolffs  Erben.  | 

In  this  edition  the  word  '^  Alchimia  "  is  in  black  and  the  initial 
A  of  *'  Alle "  is  in  red.  This  arrangement  is  reversed  in  the 
editions  of  1574,  1589,  1613,  but  is  resumed  in  that  of  1720.* 

This  edition  is  the  only  one  mentioned  by  the  Author  of  the 
Beytrag  zur  Geschichte  der  hohem  Chemie,  Leipzig,  1785,  p.  577 ; 
by  Gmelin,  Geschichte  der  Chemie^  Gottingen,  1797,  L,  p.  293;. 
and  by  Schmieder,  Geschichte  der  Alchemie,  Halle,  1832,  p.  280. 
Gmelin  and  Schmieder,  however,  have  simply  quoted  the  Beytrag, 

Though  I  have  been  unable  to  compare  them,  I  have  no  doubt 
that  this  is  an  edition  of  the  book  with  the  same  title  published  in 
1539,  No.  5.  No  author's  name  is  given,  but  there  is  a  preface 
by  a  certain  "  Fetrus  Kertzenmacher,  somewhile  burgher  at 
Maintz,  a  renowned  alchemist.''  Who  Kertzenmacher  was  does 
not  appear;  Schmieder  says  that  he  is  unknown.     I  have  met 
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with  no  notice  of  him,  and  the  name  may  be  fictitious.  In 
his  preface  he  says  that  all  art  is  from  God,  who  imparts  it  to 
those  who  desire  it  of  him.  Mei\  desire  what  is  most  of  use  to 
them ;  they  therefore  seek  out  strange  crafts,  but  only  for  their 
own  advantage,  not  for  God^s  glory,  and  thus  they  but  seldom 
succeed.  Among  the  arts,  "  Alchimia "  is  the  best  and  highest, 
for  whoever  has  it  overcomes  everything.  But  it  is  very  obscure, 
for  the  old  masters  of  the  art  would  not  teach  it  to  their  children 
and  friends.  Happy,  therefore,  is  he  who  finds  it,  for  it  is  not 
soon  found.  Labour,  however,  conquers  all  things,  and  if  one  seeks 
right  arts  with  diligence  and  earnestness  it  will  not  be  in  vain. 
In  this  art  of  Alchimia  one  must  know  the  materials  (which 
Kertzenmacher  undertakes  to  describe),  such  as  cinnabar,  ultra- 
marine, verdigris,  white  lead,  green  vitriol,  alum,  white  vitriol, 
tartar,  zinc  white,  calamine,  orpiment,  arsenicum,  sulphur,  sal 
ammoniac,  saltpetre,  sal  alkali,  sal  preparatum,  sal  borax,  and  the 
seven  metals — gold,  silver,  mercury,  iron,  tin,  lead,  and  copper. 
He  next  points  out  that  certain  of  the  substances  are  called  bodies, 
such  as  gold  and  silver,  which  are  fixed  when  heated ;  while  others 
are  called  spirits,  such  as  sulphur,  mercury,  sal  ammoniac,  and 
arsenicum,  which  cannot  abide  the  fire,  but  fly  away.  Whoever 
will  have  a  true  knowledge  of  the  art  must  be  able  to  make  the 
spirits  become  bodies,  so  as  to  remain  permanent  in  the  fire.  How 
this  is  to  be  done  Kertzenmacher  promises  to  teach,  and  he  ac- 
cordingly divides  his  treatise  into  two  books,  the  first  descriptive 
of  the  materials,  the  second  of  their  use  in  transmutation. 

To  judge  from  the  preface,  Kertzenmacher  claims — at  all  events 
he  does  not  disclaim — the  authorship  of  the  work ;  but  when  we 
come  to  the  first  book  we  find  it  introduced  by  the  following 
title : — 

Rechter  gebrauch  der  Alchimei,  mit  viel  biszher  verborgen,  nutzbaren 
vnd  lustigen  Kilnsten,  nit  allein  den  Alchimisten,  sonder  alien  Kunat- 
baren  Werckleuten,  auch  sonst  aller  meniglich  inn  viel  wege  znge- 
brauchen — 

which  is  to  all  intents  identical  with  that  of  1531.  like  the 
title,  a  considerable  portion  of  the  first  book  is  taken  from  the 
1531  edition,  but  there  are  some  transpositions  and  variations 
and  a  few  additions,  such  as  the  description  of  furnaces;  while 
the  receipts  in  the  first  edition,  which  were  considered  as  not 
bearing  upon  transmutation,  have  been  omitted.  Kertzenmacher's 
work  is  therefore  only  a  selection  from  the  main  series,  but  as 
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such  I  have  considered  it  necessary  to  include  it  in  the  present 
list,  especially  as  the  compiler  has  seen  fit  to  appropriate  the 
original  title.  The  receipts  in  this  book  relate  to  the  substances 
above  enumerated,  and  include  the  calcination  of  the  metals,  the 
preparation  and  punfication  of  some  salts,  and  the  making  of 
certain  solutions  or  waters,  which  have  been  already  alluded  to 
under  the  first  edition,  1531. 

The  second  book  deals  with  what  was  called  transmutation,  in 
reality  the  formation  of  white  and  yellow  alloys  and  amalgams,  or, 
in  certain  cases,  of  mixtures  containing  gold  or  silver.  The  few 
receipts  on  this  subject  which  are  to  be  found  on  fil  17-19  of  the 
1531  edition  are  included,  but  the  greater  part  of  the  book  is 
either  altogether  new,  or  is  taken  from  some  other  work  with 
which  I  am  unacquainted.  The  receipts  are  purely  empirical, 
and  much  labour  and  time  were  spent  in  repeating  oyer  and 
over  again  such  operations  as  solution,  crystallization,  sublima- 
tion, with  the  view  of  getting  the  materials  into  the  proper  state  for 
the  required  action.  As  these  operations  were  perfonued  without 
any  principle,  the  results  expected  were  never  attained  at  all,  or, 
if  they  were,  the  same  results  could  be  got  at  now  with  vastly 
greater  rapidity  and  sureness.  In  the  sixteenth  century,  however, 
the  knowledge  was  non-existent,  and  the  experimenter  could  work 
only  according  to  his  lights,  as  has  to  be  done  at  the  present  day. 

The  concluding  operation  of  this  book  is  the  separation  of  gold 
and  silver.  Aquafortis  is  poured  into  a  glass  with  a  long  neck, 
which  is  set  in  ashes  over  a  furnace  and  heated  by  a  gentle  fire. 
The  alloy  in  small  pieces  is  thrown  into  the  flask,  a  condenser 
is  adapted  to  it,  and  the  whole  is  distilled  to  dryness.  After 
the  flask  is  cold  the  gold  is  found  at  the  bottom,  the  silver 
adhering  to  the  flask  like  crystal.  On  breaking  the  glass  the  two 
products  are  kept  apart;  each  is  melted  with  a  little  borax, 
and  in  this  way  good  gold  and  silver  are  separated  from  one 
another.  If  all  the  receipts  were  as  clearly  described  as  this 
there  would  be  little  room  for  criticism,  and  considerable  cause  for 
surprise  and  admiration.     (Compare  No,  6,  1549,  Tract  V.) 

Appended  to  Kertzenmacher's  treatise  is  a  reprint  of  the  tract 
on  the  solution  and  parting  of  metals  by  Gilbertus  Cardinal ;  on 
the  polishing  of  precious  stones;  on  excellent  waters  for  etching, 
parting,  and  dissolving ;  on  precautions  to  be  taken  against  the 
poisonous  vapours  of  metals.  These  tracts,  so  far  as  I  know,  first 
appeared  along  with  the  Bergwerck  vnd  Frobir  biichlin,  printed  by 
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Christian  Egenolph  at  Franckfurt  in  1533,  in  square  8vo,  of  39 
leaves.  They  are  included  in  all  the  editions  of  Kertzenmacher's 
work  subsequently  quoted  (No.  12,  1574;  No.  16,  1589;  No.  21, 
1613;  No.  26,  1720),  but  they  do  not  form  part  of  the  present 
series  of  receipt  books.  The  Bergwerck  vnd  Probir  huchlin, 
however,  is  of  special  importance,  as  affording  part  of  the  proof 
that  the  same  Egenolph  was  the  printer  of  the  Eechter  Gehrauch 
d'Alchimei,  1531.     See  No.  1. 

10. — 1573.  In  the  British  MuBeum  there  is  an  edition  of  the  Secrets  of  Alexis, 
in  French,  printed  at  Paris,  in  this  year,  by  Hierosme  de  Mamef  and 
Guillaume  Cauellat,  in  a  fat  little  16mo  of  911  pages,  besides  a  long 
index  of  80  pages.  It  was  edited  by  Dr.  Christofle  Landr^,  who 
added  to  the  original  work  of  Alexis  collections  of  secrets  from  other 
sources.  One  of  these  was  the  Kwigthoeck  of  Andriessen,  of  which  a 
translation  in  full  is  contained  in  pp.  760-846.  Like  it,  the  translation 
is  divided  into  six  tracts,  which  follow  in  the  same  order  as  in  the 
Dutch. 

The  first  tract  treats  of  metals,  and  begins :  Pour  endurcir  le/er. 

The  second :  Pour  rendre  d  un  drap  aa  couUur  perdng. 

The  third :  Pour  teindre  filet  ou  toiUe  en  brun. 

The  fourth :  Pour  preparer  U  Mercure, 

The  fifth  :  Pour  separer  Vor  de  Vargent. 

The  sixth :  Pour  f cure  or  de  Mercure,  and  it  ends:  Pour  gradir  Vor, 

In  this  French  version  there  are  a  few  minor  differences ;  but 
Landr^  simply  incorporated  the  whole  contents  of  the  1549  edition 
in  his  collection  of  receipts.  From  the  division  of  the  translation 
into  six  sections,  it  must  have  been  made  either  from  the  Dutch, 
or  from  some  other  similarly-arranged  edition  which  I  have  not 
seen,  and  not  from  the  German  of  1537,  which,  as  has  been 
already  pointed  out,  runs  on  without  any  formal  sectional  arrange- 
ment. 

The  remainder  of  Landry's  work  has  nothing  to  .do  with  the 
present  series  of  receipt-books.  For  later  reprints,  see  No.  13, 
1576;  No.  23,  1637;  and  No.  25,  1691. 

11. — 1574.  Kunstbtlchlin,  |  Grilndtlichen  |  rechteo  gebrauches,  |  aller 
Kunstbaren  Wercklent.  Von  |  Ertzarbeyt,  in  vnd  ausserhalb  Feuwers, 
auss  I  Alchimistischem  vfL  natiirlichem  grunde,  Nemlich:  |  Hiirten, 
Weychen,  Schmeltzen,  Scheiden,  Abtrei-  |  ben,  Probim,  Loten, 
Etzen,  Abformen,  Abgiessen,  &c.  |  Jede  Farben  zubereyten,  erhalten, 
bessem,  vnnd  wi-  |  derbringen :  Als  zum  Maleh,  Schreiben,  lUu-  | 
miniren,  VergUldeD,  Sticken,  |  Edelgesteyn,  &c.  | 

A  lies  Jnnhalt  zu  endt  beygelegten  Registers.  | 
Mit  Rom.  Key.  Male.  Priuilegien.  | 

1574  1 
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Franckfort,  Bey  Chri.  £ge.  Erben.  | 
Small  8vo,  ff.  84,  and  Innhalt,  ff.  [3].     Title  red  and  black.    The 
vignette  ia  a  man  catting  discs  on  an  anvil  with  hammer  and  punch. 
Colophon : — 
Cretruckt  zu  Franckfort  |  am  Mayn,  bey  Christian  Ege-  |  nolffs  Erben, 
In  verlegang  D.  Ada-  |  mi  Loniceri,  M.  Johannis  Cnipij,  vnd  |  Panli 
Steinmeyers,  Jm  jar  |  nach  der  Geburt  Christi  |  vnsers  Erlosers,  | 
M.  D.  LXXIIIL 

The  title  is  from  a  copy  in  the  British  Museum  [1033,  c.  12  (3)]. 
This  is  a  reprint  of  the  1537  edition,  No.  3. 

12—1574.  Alchimia,  |  Das  ist,  |  Alle  Far-  |  ben,  Wasser,  O-  |  lea,  Salia, 
vnnd  I  Alvmina,  damit  man  alle  Cor-  |  pora,  Spiritvs  vnnd  Cal-  |  ces 
Prepariert,  Sublimiert  vnnd  Fi-  |  xiert,  zubereyten.  Vnnd  wie  man 
di-  I  se  ding  nutze,  auff  das  Sol  |  vnnd  Lvna  werden  |  moge.  |  Auch 
von  Soluiem  vnnd  schey-  |  dung  aller  Metall,  Polierung  allerhandt  | 
Edelgestein,  fiirtrefiiichen  Wassem  zum  Etzen,  |  scheyden  vnnd 
Soluiem.  Vnnd  zuletzt  wie  die  |  gifftige  DampfF  zuuerhiiten,  ein 
kur-  I  tzer  bericht,  &c.  | 

Cum  Gratia  &  Priuilegio  Imperiali.  ! 
Getruckt  zu  Franckfort  am  Mayn,  | 
M.  D.  LXXIIIL 
Small  8vo,  ff.  79,  and  Register  f.  [1].     Title  red  and  black.     Woodcuts 
of  stills  and  furnaces. 
Colophon : — 

Getruckt  zu  Franckfurt  |  am  Mayn,  bey  Christian  Ege-  |  nolfb  E!rben, 
In  verlegung  D.  Adami  |  Loniceri,  M.  Johannis  Cnipij,  vnd  Pauli  | 
Steinmeyers,  Jm  jar  nach  der  |  Geburt  Christi  vnsers  |  Erlosers,  | 

M,  D.  LXXIIIL 

The  copy  of  this  in  the  British  Museum  wants  ff.  9-24  ;  that  in 
my  own  possession  is  perfect.  It  is  a  simple  reprint  of  No.  9, 
1570. 

A  third  volume,  uniform  with  this  and  the  preceding,  published 
in  the  same  year,  and  with  the  same  colophon,  is  the  Frobier 
Biichlein  auff  GoJdt,  Silber,  Ertz  vnnd  Methal,  mit  vil  kostUchen 
AlchimistiscJien  Kunsten.  This  is  the  reprint  of  a  treatise  with 
an  almost  identical  title,  which  appeared  without  place,  date,  or 
printer's  name  several  years  earlier.  Though  this  1574  reprint 
does  not  form  one  of  the  present  series  of  books,  it  also  is  of 
importance,  as  furnishing  evidence  that  the  first  edition  of  all, 
that  of  1531,  was  printed  by  Egenolph.     See  No.  1. 

13. — 1576.     Les  Secrets  Dv  Seignevr  Alexis  Piemontois,  Divisez  En  Devx 
Parties,    .  .  .    Avec  La  Troisieme  Partie  Des  receptes  de  diuers 
autheurs,  toutes  bien  experiment^es  k  aprouu^s :  .  .  .  Par  Christofle 
Landr^,  ... 
Vol.  XIX.  k 
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A  Paris,  De  rimprimerie  de  Hierosme  de  Mamef,  &  Gnillanme 
Cauellat, .  .  .     1576. 
32mo,  pp.  911 ;  Table,  signatures  MMM— QQQ  viii  (?) 

This  is  a  reprint  of  No.  10,  1573,  and,  as  in  it,  pp.  760—846 
of  Fart  III.  contain  the  translation  of  Andriessen's  Kunstboeck. 
The  translation  is  divided  into  the  six  tracts,  arranged  in  the  same 
order  as  in  the  earlier  edition  and  in  the  Dutch. 

14. — 1581.  Een  schoon  Trac  |  taet  van  sommighe  werckin-  |  gen  der 
Alchemistische  diiighen,  om  |  Gout,  siluer  te  maken,  ende  oock  van 
alle  calcione-  |  ringhe  der  Planeten,  ende  andere  Materien  |  waeteren 
ende  olyen  der  seluer  te  maeken,  |  om  wonderlicken  daer  mede  te 
wercken.  |  Noch  een  Schoon  Tractaet  |  Boecxken,  Inholdende  van 
alderley  |  verwen  te  maecken,  ende  ooc  hoemen  alderleye  Ver-  |  wen 
wrijuen  ende  legghen  sal,  Ende  is  seer  goedt  |  ende  profijtelijcken,  voor 
alien  Schrijuers  Schil-  |  ders,  Conterfeyters,  en  andere  Stoffier-  |  ders, 
Oock  alien  anderen  Liefheb-  |  bers  der  Consten.  Inholdende.  |  xxxiiij. 
Capittelen.  j  Ghecopuleert  ende  toesamen  ghe-  |  bracht  dorch  Symon 
Andriessen,  |  van  Aemstelredam  | 

Gedruckt  toe  Reess,  By  my  Derick  |  Wijlicx  van  Santen.     Anno. 

1581.  I 
Small  8vo,  ff.  xxviij,  numbered;  Tafel,  2  leaves  not  numbered; 
*^  Een  schoon  Trctctciet  van  de  AMiemUtery"  2  leaves,  not  numbered, 
at  the  end  of  which  is  the  Colophon:  Gedruckt  toe  Reess,  By  my 
Derick  I  Wylicks  van  Santen.  ]  Anno.  1581.  ]  It  is  printed  in  black 
letter. 

This  little  volume  contains  two  tracts.  The  first,  beginning : 
"  Eerst  Ooudt  wt  Mercurio  te  maecken,"  and  ending :  "  Hoemen  dat 
Gk)udt  gradiert,"  corresponds  with  the  sixth  and  last  tract  in  the 
edition  of  1549,  No.  6,  and  therefore  with  the  last  half  of  the  edi- 
•  tion  of  1631,  No.  1,  or  with  leaves  25-37  of  the  1537  edition.  No.  3. 
The  second  tract  consists  of  a  series  of  receipts,  dealing  chiefly 
with  the  preparation  of  colours  for  the  use  of  "  scribes,  painters, 
copyists,  decorators,  and  other  lovers  of  the  arts."  Though  it 
contains  two  or  three  of  the  receipts  on  colours  which  appear  in 
the  1537  edition,  No.  3,  and  in  the  third  tract  of  that  of  1549, 
No.  6,  the  order  is  different,  and  there  are  both  omissions  and 
large  additions.  The  origin  of  these  receipts  I  do  not  know; 
they  appear  for  the  first  time  in  this  edition  as  forming  part  of 
this  series  of  books.  They  are  distinguished  from  the  bulk  of  the 
other  receipts  by  the  very  minutely  detailed  descriptions  and  by 
the  precise  nature  of  the  preparations,  and  the  directions  given 
show  what  trouble  the  old  aHists  took  to  have  their  substances 
in  the  best  possible  state.      The  first  receipt  is  how  to  make 
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varnish  for  scribes.  Egg  shells,  thoroughly  clecin  and  dry,  were 
reduced  to  an  impalpable  powder  by  pounding  and  sifting,  and 
then  mixed  most  intimately  with  the  finest  white  or  yellow 
frankincense.  This,  when  required,  was  dusted  from  a  box  with 
small  holes,  till  the  material  got  a  smooth  surface.  Another 
mixture  was  oyster  shells  and  rosin  intimately  mingled.  This 
was  cheaper,  but  it  had  the  disadvantage  of  being  brown. 
Scribes'  chalk  was  made  by  pounding  the  best  white  dry  chalk  as 
fine  as  possible.  White  of  egg  whipt  and  filtered  was  mixed  with 
milk,  and  this  in  successive  portions  was  added  to  the  chalk  and 
the  whole  beaten  and  stirred  till  a  perfectly  smooth  thin  fluid  was 
obtained.  This  was  filtei*ed  through  bags,  and,  after  the  fluid 
had  passed  through,  the  bags  and  the  contents  were  allowed  to 
dry  spontaneously  at  an  airy  window  for  thirteen  or  fourteen 
weeks.  Bed  ink,  or,  rather,  a  red  paint,  was  made  from  finely 
powdered  vermilion  mixed  by  an  elaborate  process  with  white  of 
egg.  This  was  a  general  method  for  the  utilisation  of  natural 
mineral  colours:  they  were  ground  and  sifted,  or  elutriated  and 
dried — ^the  operations  being  repeated  as  often  as  was  deemed  neces- 
sary,— ^and  then  the  colour  was  used  with  gum  water  or  white 
of  egg.  Green  and  blue  colours  from  copper  and  white  lead  are 
mentioned. 

Vegetable  colours  were  extracted  from  flowers  and  from  coloured 
woods,  Brazil  wood  being  frequently  employed.  This  was  boiled, 
strained,  and  treated  with  alum  and  lime,  or  with  ammoniacal 
urine.  A  "  lake ''  was  formed,  which  was  applied  with  gum  water. 
Different  shades  were  got  by  varying  the  proportions,  or  by  mixing 
the  colours. 

A  few  artificial  colours  were  made.  Mosaic  gold — Aurum 
Musicum — is  very  carefully  described.  Tin  amalgam  was  heated 
with  sulphur  and  sal  ammoniac,  the  product  thoroughly  ground 
and  used  with  gum  water. 

Crold  was  prepared  for  gilding  by  grinding  the  leaf  gently  for 
a  long  time  in  successive  small  quantities  with  salt  and  strong 
gum,  made  of  the  purest  gum  arable  and  distilled  or  rose  water. 
Much  trouble  was  expended  in  getting  the  gold  into  the  finest 
state.  Several  sections  are  devoted  to  the  laying  on  of  gold,  the 
gilding  of  books,  the  colouring  of  parchment  for  receiving  gold  and 
silver  writing,  and  other  fine  arts. 

The  directions  give  some  insight,  though  not  nearly  enough, 
into  the  methods  and  materials  of  the  old  illuminators,  whose 
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work  seems  to-day  as  brilliant  as  when  it  was  first  executed,  and 
the  results  they  attained  show  that  work  which  is  to  be  per- 
manent must  have  much  time  and  thought  and  labour  expended 
in  its  production. 

15. — 1583.     A  profitable  boke  |  declaring  dyuers  approoued  re-  |  medies,  to 
take  out  spottes  and  staines,  In  Silkes,  |  Velaets,  Linnen  and  Woollen 
I  clothes.  I      With  diners  colours  how  to  die  Vel-  |  vets  and  Silkea, 
Linnen  and  Woollen,  Fustian  |  and  Threade.  |     Also  to  dresse  Leather, 
and  to  CO-  I  lour  Fclles.     How  to  Gylde,  Graue,  Sowder,  and  Ver-  | 
nishe.      And  to  harden  and  make  softe  |  Yron  and  Steele.  |      Very 
neoessarie  for  all  men,  speciallye  for  those  |  which  hath  or  shall  haue 
any  doinges  therein:  with  |  a  perfite  table  herevnto,  to  fynde  all  ] 
thioges  ready e,  not  the  like  reuealed  |  in  English  hereto-  |  fore.  | 
Taken  Ovt  Of  Dvtche,  |  and  englished  by  L.  M.  | 

IT  Imprinted   at    London    by   Thomas   |    Parfoote,    and    William 

Pounsonbie.  |     1583  | 
Small  4to.     Title  leaf,  and  pp.  78.    Table,  pp.  [6].     Printed  in  black 
letter. 

The  preceding  is  from  the  copy  in  the  British  Museum  (C.  31, 
c.  18),  and  I  presume  it  is  the  first  edition  of  this  translation. 
It  was  reprinted  in  1596,  No.  17,  and  again  in  1606,  No.  20,  each 
succeeding  edition  being  inferior  to  its  predecessor.  An  account 
of  the  contents  is  given  under  No.  17,  1596. 

16.— 1589.     Alchimia,  1  Das  ist,  i  Alle  Far-  |  ben,  Wasser,  |  Olea,  Salia,  | 
vnnd  Alvmina,  |  damit  man  alle  Corpora,  Spiri-  |  tvs  vnnd  Calces 
Prepariert,  |  Sublimieret  vnnd  Fixiert,  zubereyten.  j  Vnd  wie  man 
diese    ding    nutze,   auff  j  dass   Sol    vnd   Lvna   wer-  |  den   moge.  | 
Auch  von  Solaieren  vnnd  |  schey-  |  dung  aller  Metall,  Polierung, 
allerhandt    |    Edelgestein,    fUrtrefflichen    Wassem    zum    Etzen,   | 
schey  den  vnnd  Soluiern.       Vnnd  zuletzt  wie  die  |  giffUge  Dampff 
zuverhiiten,   ein  kur-  |  tzer  bericht,  &c.  |  Cam  Gratia  k  Priailegio 
Imperiali.  | 

Getruckt  zu  Franckfort  am  Mayn,  | 
M.D.  LXXXIX. 
Small  8vo,   ff.  79  [1].      Pictures  of   furnaces,   flasks,  and    other 
apparatus.     The  title  is  printed  in  red  and  black. 
Colophon : — 
Zu  Franckfort  am  Meyn,  Bey  |  Christian  Egenolffs  Erben.  | 

This  is  the  fourth  issue  of  Kertzenmacher's  book.  See  Nos.  5, 
1539;  9,  1570;  12,  1574;  21,  1613;  26,  1720;  and  29. 
17. — 1596.  A  profitable  booke  |  declaring  dyuers  approoued  re-  |  medies, 
to  take  out  spotts  and  staines,  |  in  Silkes,  Veluets,  Linnen,  and  | 
WoUen  Clothes.  |  With  diuers  colours  how  to  die  Veluets  |  and 
Silkes,  Linnen  and  woollen  Fustian  |  and  Threade.  |  Also  to  dresse 
Leather,  and  to  colour  Felles.  |      How  to  Gild,  Graue,  Sowder,  and 
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Vemishe.  |      And  to  harden  and  make  soft  |  Yron  and  Steele. 
Very  neceasarie  for  all  men,  specially  for  those  |  which  hath  or  shall 
haue  any  doings  therein :  with  |  a  perfect  table  hereunto,  to  find  all 
things  I  readie,  not  the  like  reaealde  in  Eng-  |  lishe  heretofore.  | 
Taken  Ovt  Of  Dvtche,  |  and  Englished  by  L.  M.  | 

H  Imprinted  at  London  by  Thomas  |  Purfoot,  dwelling  in  the  uewe  | 

Kents.     1596.  | 
Small  4to.     Title  leaf;  pp.  78,  numbered  ;  Table,  pp.  6,  not  numbered, 
followed  by  a  blank  leaf.     Printed  in  black  letter,  except  the  title- 
page  and  the  titles  of  the  different  receipts. 

This  edition,  which  is  not  in  the  Museum,  is  a  simple  reprint, 
on  inferior  paper  and  with  less  distinct  type,  of  the  edition  of 
1583,  contained  in  that  collection,  and  already  quoted.  No.  15. 

The  treatise  falls  into  two  main  parts:  the  first,  pp.  1-58, 
contains  receipts  for  taking  out  stains,  for  dyeing  and  colouring, 
and  for  dressing  leather ;  the  second,  pp.  55-78,  deals  with  iron 
and  steel,  etching  on  metals,  gilding,  and  soldering. 

The  receipts  for  removing  spots  and  stains  are  numerous,  but 
they  are  mere  modifications  and  variations  of  a  general  process, 
depending  on  the  fstbrics,  and  in  a  few  instances  on  the  kind  of 
stains.  Grease  spots  were  removed  by  ashes,  or  oil  of  tartar,  or  a 
mixture  of  lime  and  ashes.  "  Walkers  claye,  called  Fullars 
earth,"  is  mentioned,  and  burnt  alum  mixed  with  soap.  Ink  and 
iron  spots  were  treated  with  the  juice  of  a  lemon,  or  very  sour 
orange,  or  crab  apple,  or  with  common  salt  and  juice  of  an  orange, 
or  the  boiling  juice  of  sorrel.  Oily  spots  in  paper  were  got  rid  of 
by  putting  over  them  a  layer  of  well  burnt  bone  ash  and  pressing 
between  two  hard  boards  for  eight-and-forty  hours.  A  way  to 
take  wax  and  rosin  spots  out  of  cloth  was  to  drop  tallow  on  them, 
and  then  placing  brown  paper  over  the  spots,  to  apply  a  hot  iron 
till  the  rosin  and  tallow  melted  together  and  were  absorbed  by  the 
paper. 

Perfumes  for  clothes  are  described ;  and  to  keep  away  moths  a 
powder  of  dried  orange  peel  and  elecampane  root  was  recommended. 

The  receipts  for  dyeing  are  similar  to  those  already  so  often 
quoted.  The  substances  employed  were  woad,  Brazil  wood, 
•'  grening  weede,"  indigo,  oak  bark,  galls,  verdigris,  copperas,  iron 
scales,  alum,  arsenic,  ashes,  and  a  solution  of  chalk  in  vinegar 
mixed  with  alum,  which  shows  at  how  early  a  period  acetate  of 
alumina  was  in  use.  A  considerable  number  of  shades  were 
obtained.  All  these  receipts  are  very  clear  and  exact.  Skins 
were  treated  with  lime  and  alum,  and  coloured  with  copperas, 


l50  Philosophical  Society  of  Glasgotb. 

madder,  Brazil  wood,  and  other  substances;  and  a  method  of 
gilding  leather  is  also  given. 

The  contents  of  the  second  division  are  metallurgical.  Nume- 
rous methods  are  described  for  softening  and  hardening  iron 
and  steel,  some  of  which  are  to  be  found  in  the  1537  edition, 
No.  3.  There  are  also  receipts  for  soldering  iron,  varnishing  it, 
preparing  it  for  gilding,  etching  upon  it.  Most  of  these  also  have 
been  already  met  with  in  the  1537  edition. 

This  work  has  been  translated  from  Dutch  and  not  from 
German ;  but^  if  it  be  not  a  compilation  as  well  as  a  translation, 
I  am  not  acquainted  with  any  edition  in  either  language  of  which 
is  an  exact  transcript.  If  the  two  divisions  have  been  taken 
from  different  sources,  the  second  would  correspond  with  the  first 
tract  in  the  1549  edition,  No.  6,  so  far  as  it  goes,  for  the 
English  version  is  fuller;  but  there  is  nothing  in  any  of  the 
editions  to  correspond  in  extent  and  detail  with  the  first  division 
about  cleansing  and  dyeing.*  This  confirms  me  in  the  belief 
that  the  present  list  does  not  exhaust  all  the  extant  variations 
of  the  series. 

18. — 1596.  A  I  Booke  of  Secrets:  |  Shewing  diuers  wales  to  make  and  pre- 
pare all  I  sorts  of  Inke  and  Colours:  as  Blacke,  White,  |  Blew,  Greene, 
Red,  Yellow,  and  other  Colours.  |  Also  to  write  with  Gold  and  Siluer, 
or  any  kind  of  Mettall  |  out  of  the  Pen :  with  many  other  profitable 
secrets,  |  as  to  colour  Qnils  and  Parchment  of  |  any  colour:  and  to 
graue  with  |  strong  Water  in  Steele  |  and  Iron.  |  Necessarie  to  be 
knowne  of  all  Scriaeners,  Painters,  |  and  others  that  delight  in  such 
Arts.     Translated  out  of  |  Dutch  into  English,  by  W.P.  | 

Herennto  is  annexed  a  little  Treatise,  |  intituled,  Jnstructions  for 
ordering  of  Wines:  |  Shewing  how  to  make  Wine,  That  it  may 
continue  |  good  and  faint  not,  Neither  become  sower,  nor  loose  colour. 
And  I  how  you  may  remedie  faint  Wine,  take  away  the  hoari-  |  nesse, 
with  other  instructions  for  the  pre-  |  seruation  of  the  same.  |  Written 
first  in  Italian,  and  now  newly  translated  |  into  English,  by  W.P.  | 

London,  |  Printed,  by  Adam  Islip  for  Edward  |  White,  and  are  to 
be  sold  at  his  shop  |  at  the  little  North  dore  of  Pouls,  |  at  the  signe 
of  the  Gun.  |  1596. 
Small  4to.     No  pagination,  but  it  contains  ff.  19.     Black  letter. 

The  title  of  this  rare  pamphlet  is  from  a  copy  in  the  British 
Museum.  The  first  tract  is  a  translation  of  the  Euliche  Kiinsle^ 
No.  8,  1563,  but  it  includes  only  the  sections  relative  to  inks  and 
colours.     Some  of  the  methods  for  making  colours,  and  all  about 

*  It  may  be  possibly  a  translation  in  full  of  the  Kun8tbfhchle.in  of  1532, 
No.  2,  which  I  have  not  seen,  or  of  a  Dutch  version  of  it. 
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cleaning  silk  and  dyeing  leather  have  been  omitted.     The  trans- 
lator's name  was  W.  Phillip. 

The  second  tract  has  no  connection  with  the  other  or  with  the 
present  series. 

19. — 1600.  Een  sclioon  Trac-  |  taet  van  sommighe  werckinghen  |  der 
AlchimistiBche  dingen,  om  Gout,  Sil-  |  ver  ende  oock  van  alle  calcion- 
eringe  der  Planeten,  |  ende  andere  MaterieD,  Watere  ende  Olyen  der 
sel-  I  ver  te  maken.  Item  noch  een  Tractaet  boeoxken,  |  inhondende 
van  alderley  Verwen  te  maecken,  ende  |  oock  hoemen  alder  leye  Verwen 
wryven  eii  leggen  |  boI.  Ende  is  seer  goet  ende  profytelijcken  voor  al- 
I  len  Schryvers,  Schilders,  Conterfeyters  e&  |  andere  Stoffierders. 
Oock  alien  Idef-  |  hebbers  der  Consten.  | 

Noch  een  echoon  Konst-boec,  seer  |  nutlick  voor  alien  Werclieden, 
als  Munt-  |  meesteren,  Goudtwerckers,  Scheyderen,  Goudt-  |  smeden, 
Schilderen  ende  alien  Wercklieden,  were-  |  kende  in  Stael,  Yser,  Koper, 
ende  alle  ander  Meta-  |  len.  Item  om  alderhande  plecken  wt  te  doen. 
Om  I  alderhande  coleuren  te  verwen.  Van  vergul-  |  dinghe  ende 
versilveringhe.  Ende  van  j  werckinge  der  AlchimiBtisBchen  |  dinghen, 
etc.  I  Ghecopuleert  ende  te  samen  ghebracht  |  door  Symon  Andrieasen 
van  I  Amstelredam.  | 

Ghednickt  t' Amstelredam,    by    Comelis  |  Claesaz   opt    Water  int 

Schrijf-hoeck.  |  Anno  1600.  | 
Small  8vo.     First  book,  fif.  xxvj ;  Second  book,  ff.  xxvj.    Contents,  fif. 
[4].    It  is  printed  in  black  letter. 

This  is  a  conjoined  issue  of  the  two  preceding  Dutch  versions 
and  it  is  in  two  books.  Book  I.  is  a  reprint  of  the  1581  edition, 
No.  14,  and  it  consists  accordingly  of  two  tracts.  The  first 
begins :  **  Eerst  om  Goudt  wt  Mercurio  te  maecken,"  and  ends : 
"Hoemen  dat  Gout  gradiert,"  and  it  is  a  reprint,  therefore,  of 
the  sixth  tract  in  the  edition  of  1549,  Ko.  6.  The  second  tract 
relates  to  the  making  and  using  of  coloui's,  of  which,  as  has  been 
already  shown,  the  first  appearance  was  in  the  1581  edition. 

The  second  book  has  a  separate  title-page  as  follows : — 

Gonst-Boeck:  |  Nieulijck  wt  den  |  Alchimlstischengrontvergadert.  | 
Tracterende  van  alle  grontlijcken  |  ghebruyckinghe  der  Consten.  | 
Nutlijck  voor  alien  Wercklieden,  als  |  Muntmeesteren,  Goudtwerckers, 
Scheyderen,  |  Goudtsmeden,    Schildere    ende    alien    Wercklieden,  | 
werckende  in  Stael,  Yser,  Koper  ende  alle  ander  |  Metalen.    Item  om 
alderhande  plecken  wt  te  doen.  |  Om  alderhande  colueren  te  verwen. 
Van  ver-  |  guldinge  ende  versilveringhe.     Ende  |  van  werckinghe  der 
Alche-  I  mistiaschen  dingen,  etc.  | 

GhecoUigeert  ende  eensdeels  ghetranslateert,  door  |  Symonem 
Andree  van  Amsterdam.  | 

Niemandt  en  haet  die  Konst,  dan  j  die  onwetende.  |  Ghedruckt, 
Anno  1600.  j 
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This  title  is  a  reprint  with  two  or  three  additions  of  that  of 
1549,  No.  6,  and  this  second  book  contains  the  first  ^\^  tracts  of 
that  edition,  the  sixth  tract  having  been  put  in  the  preceding  book. 
It  is  a  somewhat  curious  arrangement,  and  looks  as  if  the 
compiler  had  had  both  the  1549  and  1581  editions  before  him, 
but  instead  of  reprinting  the  1549  copy  as  it  stood,  and  making  a 
seventh  tract  of  the  section  of  receipts  about  coloui-s  from  the 
edition  of  1581,  printed  off  first  the  1581  copy,  and  then  added 
the  remaining  tracts  from  the  earlier  edition.  The  result  of 
course  is  the  same,  although  the  arrangement  is  inverted.  This  is 
the  last  edition  in  Dutch,  so  far  as  I  know;  if  there  were  any 
later  no  mention  of  them  and  no  examples  have  come  under  my 
notice. 

20. — 1605.    A  I  Profitable  |  Booke,  declaring  diuers  approo-  |  ued  Remedies, 
to  take  oat  spots  |  and  staines  in  Silkes,  Veluets,  Linneu  |  and  Woollen 
Clothes:  |  With  diuers  Colours  how  to  die  |  Veluets  and  Silkes, 
Linnen  and  Woollen,  |  Fustian  and  Thread  :  |  Also  to  dresse  Leather, 
and  to  colour  |  Felles.     How  to  guild,  graue,  sowder,  and  ver-  |  niah. 
And  to  harden  and  make  soft  |  Yron  and  Steele.  |  Verie  necessarie  for 
all  men,  specially  for  those  |  which  haue  or  shall  haue  any  doing 
therein :  with  |  a  perfect  Table  hereunto,  to  finde  all  tbinges  rea-  j 
die,  not  the  like  reuealed  in  £ng-  |  lish  heretofore.  |  Taken  out  of 
Dutch,  and  Englished  by  L.M.  | 
Imprinted  at  London  by  Thomas  |  Purfoot,  dwelling  within  the  new 
I  Rents,  in  S.  Nicholas  Shambles.     1605.  | 
Small  4to.    Title  leaf,  and  pp.  78.    Table,  pp.  [6].     Black  letter. 

The  collation  is  from  the  copy  in  the  British  Museum,  C.  31, 
c.  20. 

This  is  another  page  for  page  reprint  of  No.  16,  1683,  but  it  is 

as  inferior  to  the  1696  edition  as  that  is  to  the  edition  of  1683. 

The  paper  is  very  poor,  the  printing  wretched.     Deteiioration, 

however^  in  the  quality  of  successive  reprints  of  a  book  seems, 

from  the  numerous  instances  which  have  come  under  my  notice, 

to  be  the  rule. 

21.— 1613.  Alchimia,  |  Dasist,  |  AlleFarben,  |  Wasser,  Olea,  |  SaUa,  vnd 
Alvmina,  damit  man  |  alle  Corpora,  Spiritvs  vnd  |  Calces  Praeparirt, 
Sublimirt  vnd  Fi-  |  xirt,  zubereyten.  Vnd  wie  man  diese  ding  | 
nutze,  auff  dass  Sol  vnd  Lv-  |  na  werden  moge.  |  Auch  von  Solviren 
vnd  Scheidung  |  aller  Metall,  Polierung  allerhand  Edelgestein,  ftir-  | 
trefflichen  Wassem  zum  Etzen,  Scheiden  vnd  Sol-  |  viren :  Vnd 
zuletzt  wie  die  gifftige  Dampff  zu-  {  verhilteu,  ein  kurtzer  Bericht, 
&;c.  I  Cum  Gratia  &  Priuilegio  Imp.  | 

Franckfurt  am  Mayn,  in  verlegung  Vin-  |  centii  Steinmeyers,  Jm 
Jahr  I  MDCXIII. 
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Small  8vo,  pp.  130;  Index  [3];  Colophon  [1];  2  blank.  The  title  is  printed 
in  red  and  black,  and  pp.  7-15  are  taken  up  "with  pictures  of  furnaces 
of  various  kinds.     The  colophon  runs  thus :  Gedruckt  zu  Darmbstatt, 
bey  6al-  |  thasar  Hofmann,  in  verlegung  Vin-  |  centii  Steinmeyers :  | 
Jm  Jahr  MDCXIII.  |      The  device  is  an  altar  with  fire  upon  it. 

This  is  another  reprint  of  Kertzenmacher's  book,  No.  9,  1570. 
See  also  No.  26,  1720. 

22. — 1616.  Kunstbilchlein  |  auff  mancherley  weiss  Din-  |  ten  vnd  aller  handt 
Farben  zu  berey-  |  ten.  Auch  Goldt  vnd  Silber,  sampt  alien  |  Metallen 
auss  der  Fedem  zu  schreiben,  mit  viel  an-  |  dem  niitzlichen  Kttnstlein 
Schreibfedem  vnd  Per-  |  gament,  mit  allerley  Farben  zu  farben. 
Auch  I  wie  man  Schrifft  vnd  Gemalde  auff  |  Staglene,  Eiseno 
VVaffen,  |  vnd  dergleicheu  |  Etzen  soil.  |  Etliche  zugesetzte  Kunst- 
stilcklein,  vor-  |  mals  indruck  nie  aussgangen.  |  Allen  Schreibern, 
Briefl^aleren,  |  Sampt  andern  solcher  KUnsten  Lieb-  |  habern,  gantz 
lilstig  vnd  frucht-  |  bar  zu  wisseu.  | 

Gedruckt  zu  CoUen,  Bey  Peter  von  |  Brachel,  vnder  der  Gulden 
Wagen  |  Jm  Jahr  1616. 

16mo,  or  very  small  8vo.     Pp.  43.     Inhalt,  pp.  [3].    Title  red  and 
black.     Pagination  very  irregular. 
Colophon : — 
Credruckt  Collen  bey  Peter  von  |  Von  (sic)  Brachel  vnder  der  Gulden  | 
Wagen.    Jm  Jahr  1616. 


There  is  a  copy  of  this  in  the  British  Museum  [1037,  a.  10  (3)]. 
It  is  a  reprint  of  the  EtiUclie  Kiinste,  No.  8,  1563,  and  is  therefore 
composed  of  excerpts  from  the  1537  edition.  Like  the  earlier 
issue  of  1563,  it  contains  the  section  on  leather  dyeing,  but  that 
upon  removing  spots  and  stains  from  silk,  <&c.,  is  not  included. 

23. — 1637.     Les  Secrets  Dv  Seignevr  Alexis  Piemontois.     Reueu,  et  aug- 
mente  d'vne  infinite  de  rares  Secrets.     A  Roven,  chez  lean  Berthelin, 
dans  la  Cour  du  Palais.     M.  DC.XXX VII. 
Small  8vo,  pp.  675 ;  Table,  70. 

This  is  a  reprint  of  Landry's  edition  of  1573,  No.  10,  and 
accordingly  it  includes  (pp.  564-631)  the  French  translation  of 
Alidriessen's  Kunstboeck,  divided,  as  in  the  previous  issues,  into 
six  tracts.  It  is  a  shabbily  got-up  book,  badly  pi-inted  on  poor 
paper,  and  apparently  meant  for  circulation  as  a  chap-book. 

24.— 1687.      Kunst-BUchleln,  |   Oder  i  Griindlicher  Gebrauch  von  |  Etz- 
Arbeit,  in  und  ausserhalb  |  Feuers  aus  Alchymischen  |  und  natur- 
lichen  Grunde,  jNehmlich,  |  Harten,  Weichen,  Schmeltzen,  |  Scheiden, 
Abtreiben,  Probieren,  |  Loten,  Etzeu,  Abformen,  |  Abgiessen,  &c.  | 
Wie  auch  |  Jede  Farben  zubereiten,  erhal*  |  ten,  bessem  und  wieder 
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bringen :  |  Ala  |  Zam  Mahlen,  Schreiben,  Ilia-  |  miniren,  VergtUden, 
Stucken,  |  Edelgesteinen.  |  Nebenst  beygefugtem  Register.  | 

Franckfarth  und  Leipzig,  |  Verlegts  Johann  Caspar  Meyer,  |  Anno 
1687.  I 

24mo,  pp.  203 ;  index  [9],  4  blank. 

This  is  a  reprint,  in  somewhat  modernised  language,  of  the 
edition  of  1537,  No.  3.  It  contains  an  additional  paragraph  on 
preparing  a  red  colour  from  Brazil  wood,  corresponding  to  that  in 
the  Ettliclve  Kunste,  of  1563,  No.  8. 

25. — 1691.  In  the  British  Museum  there  is  another  edition  of  the  French 
translation  of  the  Secrets  of  Alexis,  printed  at  Ronen  by  "  Jean* 
Baptiste  Bensongne,  ru6  Ecuyere,  vis-^- vis  la  petite  me  (sic)  S.  Jean,  au 
Soleil  Royal.  M.  DC.  XCI."  in  8vo.  The  translation  of  Andriessen's 
Kunstboeck  is  contained  in  pp.  602-670,  divided,  as  usual,  into  six 
tracts.  It  is  a  very  scurvy  volume,  inaccurately  printed,  also  in  chap- 
book  style,  inferior  even  to  the  edition  of  1637t  No.  23. 

26. — 1720.  Des  beriihmten  |  Alchimisten,  |  Petri  Kertzenmachers,  | 
Alchimia,  |  Dasist  |  AlleFarben,  |  Wasser,  Olea,  Salia  und  |  Alumina, 
I  Damit  man  alle  Corpora  Spiritus  und  |  Calces  prceparirt,  sublimirt, 
und  fixirt,  |  zu  bereiten,  |  Und  wie  man  diese  Dinge  nutze,  |  Auf  dasz 
Sol  und  Lima  |  werden  moge,  i  Auch  von  Solviren  und  Scheidung 
aller  |  Metall,  Polirung  allerhand  Edelgesteine,  fiirtrefli-  j  chen 
WassernzumEtzen,  Scheidenund  |  Solviren.  |  Dem  noch  beygef iiget  | 
Ein  kurtzer  Bericht,  wie  die  giftigen  |  Dampffe  zu  verhUten.  |  Anno 
1720.  I 

Small  8vo,  pp.  [2],  109;  Index  [3].  The  title  is  printed  in  red  and 
black. 

This  is  a  reprint  of  the  edition  of  1570,  No.  9,  and  it  tallies 
with  those  of  later  dates.  The  differences  are  in  the  insertion  of 
Kertzenmacher's  name  in  the  title-page,  and  in  the  omission  from 
this  edition  of  the  short  explanation  of  certain  Latin  technical 
words  which  are  found  in  almost  every  version  of  these  receipt 
books  from  that  of  1531  downwards.  The  woodcuts  of  the 
different  furnaces  have  also  been  omitted  from  the  present  issua 

27.^(15— ?).  In  the  British  Museum  [1036.  a.  10  (4)]  there  is  an  earlier 
edition  of  the  1616  KunstbOchUin,  No.  22,  or  of  the  EUUcht  Kiinete^ 
No.  8,  1563.  It  is  a  small  square  16mo,  pp.  I-XXXV,  Inhalt,  pp.  [2], 
followed  by  a  blank  page.  The  title-page  is  awanting,  so  that  I  have 
been  unable  to  ascertain  the  exact  date :  the  colophon  is  as  follows: — 
f  Gedruckt  zu  Augspurg  durch  |  Hans  Zimmerman. 


This  little  treatise  contains,  of  course,  the  receipts  on  inks,  gold 
and  silver  illuminating,  coloui's,  etching,  &.C.,  which  are  to  be  found 
in  the  1537  edition. 
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28. —  — ?  In  the  British  Museum  [1036.  a.  10  (2)]  there  is  an  imperfect 
copy  in  square  16mo,  of  some  earlier  issue  of  the  KumtlrUehlein,  1687f 
No.  24.  The  title  is  awanting,  as  well  as  about  a  dozen  leayes  at  the 
end,  so  that  nothing  definite  can  be  said  about  the  date  or  place  of 
printing.  From  its  appearance,  however,  it  was  probably  printed 
early  in  the  17th  century,  if  not  in  the  16th.  The  fragment  consists 
of  ff.  2-76,  and  the  contents  correspond  as  far  as  they  go  with  those  in 
the  aforesaid  1687  edition.  Practically  therefore  this  is  a  fragment 
of  another  edition  of  No.  3,  1537. 

29. — Saec.  XVIL  In  a  small  12mo  volume  I  have  a  MS.  on  paper,  of  what 
is  Kertzenmacher's  treatise,  although  that  person's  name  is  nowhere 
mentioned.  It  contains  118  leaves  numbered,  and  one  not  numbered. 
Comparison  with  the  edition  of  1570  shows  that  while  it  corresponds 
with  the  contents  of  that  edition,  it  does  not  agree  with  it  absolutely 
word  for  word.  In  some  places,  also,  variations  on  certain  of  the 
processes  are  omitted,  but  practically  the  contents  of  the  two  volumes 
are  identical.  In  the  MS.  version  the  tract  by  Gilbertus  Cardinal  on 
the  solution  of  the  metals  is  omitted,  and  instead  of  it  are  given  a 
number  of  other  receipts  on  the  preparation  of  common  salt,  green  and 
white  vitriol,  borax,  sal  ammoniac,  tartar,  verdigris,  on  gold,  mercury, 
silver,  arsenic,  sulphur,  marcasite,  and  other  substances,  some  of  which 
are  to  be  found  in  the  1537  edition,  while  others  do  not  occur  in  the 
printed  copies  so  far  as  I  have  observed.  The  copyist  has  evidently 
thought  it  desirable  to  supplement  Kertzenmacher's  collection. 

§3. — ^The  results  of  this  bibliographic  sketch  may  now  be 
summarised. 

The  first  edition  appeared  in  1531.  In  1532  was  published  the 
book  about  removing  spots  and  stains  from  cloth,  and  these  two 
were  conjoined  in  the  1537  edition,  certain  other  receipts  about 
metals  being  prefixed.  Kertzenmacher,  in  1539,  made  a  selection 
of  the  receipts  specially  relating  to  transmutation  as  he  thought. 
In  the  Dutch  translation  of  1549  the  matter  was  divided  into  six 
books;  all  about  inks  and  colours  was  omitted;  and  the  sixth 
book,  relating  to  metallurgy,  was  enlarged.  In  the  1581  Dutch 
reprint  of  this  sixth  book  a  new  tract  on  colours  made  its  first 
appearance.  Lastly,  the  English  translation  of  1583  added  largely 
to  the  parts  relating  to  pleaning  and  colouring.  The  remaining 
editions  are  either  reprints  or  translations,  in  whole  or  in  part,  of 
the  preceding  types. 

§  4. — The  mere  enumeration,  however,  of  these  books,  and 
recapitulation  of  the  notions  and  methods  of  a  long  bygone 
chemistry  which  they  preserve,  would  be  of  small  value  if  some 
general  principle  were  not  illustrated  by  them  as  well. 

One  feature  of  them,  which  stands  out  strongly  and  strangely, 
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is  their  authors'  ignorance  or  quite  rudimentary  conception  of  the 
properties  of  material  objects.  Substances  were  employed  for  a 
given  purpose,  apparently  without  certainty  that  they  could 
produce  the  effect  wanted,  or,  if  they  did,  how  the  effect  was 
produced.  The  receipts  are  empirical,  and  if  they  sometimes  hit 
the  mark  it  is  more  by  chance  than  by  good  guiding. 

That  matter  could  be  depended  on,  that  a  substance  was 
individualised  by  its  properties,  seems  hardly  to  have  had  any 
weight  with  the  compilers  of  these  receipts.  They  appear  to 
have  thought  that  the  properties  were  variable,  or  could  be 
extracted  from  a  body,  and  so  we  meet  with  such  a  statement  as 
that  sal  ammoniac  dratvs  ilte  colour  out  of  copper.  Fi'om  the  way 
the  author  puts  it,  one  feels  in  doubt  if  he  knew  the  difference 
between  gold  and  a  yellow  alloy.  He  certainly  did  not  know 
that  if  gold  is  got  out  of  mercury  or  lead,  it  must  be  there  to 
begin  with,  and  is  not  made  by  the  process.  There  was  no  idea 
of  combination  or  of  chemical  action  as  involving  alteration  of 
properties.  Bewildered  by  changes  to  which  he  had  no  clue, 
with  phenomena  passing  constantly  before  him  which  he  could  not 
control  or  produce  at  pleasure,  the  technical  chemist  fell  back  upon 
empirical  trial,  and  so  put  a  stop  to  progress.  For  empiricism  is 
due  to  ignorance  of  the  rationale  of  a  process. 

Wherever  that  ignorance  exists  a  process  must  be  imperfect;  what 
is  unessential  is  as  likely  to  be  included  as  what  is  indispensable, 
for  there  is  no  certainty  about  either  one  or  the  other.  Hence  in 
the  receipts  there  are  details  which  could  have  no  bearing  on  tlie 
result,  and  operations  are  repeated  with  great  expenditure  of 
labour,  time,  and  material,  which,  if  they  had  been  understood, 
would  have  been  finished  more  speedily  and  economically. 

§5. — So  it  happens  that  these  books  and  their  contents  illus- 
trate what  I  have  said  in  the  other  paper ^  about  the  progress  of 
the  arts  relying  on  mere  practice,  as  compared  with  that  based  on 
inquiry  into  causes.  The  receipts  give  us  insight  partly  into  the 
manipulation  of  the  old  chemists  and  partly  into  the  experience  of 
others  that  they  were  the  best  to  be  got,  and  that  the  employment 
of  them  constituted  the  "  right  use  of  Alchemy  " — something  of 
practical  use,  as  we  hear  about  even  now,  as  distinct  from  the 
examination  of  the  phenomena  and  laws  of  nature.     That  these 


*  The  paper  meant  is  on  The  First  History  of  Chemistry,  read  the  same 
evening  as  the  present  one,  and  printed  in  the  Proceedings  for  1885-86, 
vol.  xvii.     See  p.  222. 
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receipts  were  appreciated  is  evidenced  by  the  demand  for  the 
1x)oks  and  the  number  of  editions  of  them.  Their  persistence  is 
one  of  their  characteristics. 

But  if  anything  could  illustrate  the  unsatisfactoriness  of 
empirical  methods  it  would  be  the  contents  of  the  books.  For 
these  practical  receipts  never  got  any  further.  They  were 
reprinted  vxyrdfor  word  in  1687  as  they  had  been  set  forth  in  1531 
and  1537,  and  in  1720  as  in  1539  and  1570  \  that  is,  they  existed 
and  were  repeated  without  even  verbal  change  for  150  years.*  The 
collections  were  varied  by  omissions  or  additions  of  receipts;  but 
the  retained  receipts  were  not  altered  or  improved.  The  sciende 
of  chemistry  had,  meanwhile,  gone  past  them,  and  other  books, 
like  those  of  Beguinus,  Glaser,  Glauber,  of  Becher  and  Stahl  and 
Boerhaave,  had  been  published,  which  threw  new  light  upon 
chemical  processes,  and  enabled  them  to  be  carried  on  in  a  more 
rational  way,  and,  as  a  natural  consequence,  with  ever  so  much 
better  residts. 

If  there  were  not  constant  evidence  of  the  vitality  of  error,  one 
might  feel  offended  at  what  was  considered  a  secret  in  practical 
art  worth  knowing  at  the  beginning  of  the  sixteenth  century, 
being  thought  of  equal  value  in  the  eighteenth,  and  being  repub- 
lished, unchanged,  for  the  benefit  of  those  who  cared  to  use  it 
In  our  days  a  process  can  hardly  continue  for  even  a  short  time 
without  its  undergoing  some  modification.  So  widely  diffused  is 
the  knowledge  of  natural  science,  so  irresistible  is  the  ambition  to 
discover  something  unknown,  so  rapidly  do  theories  change  with 
new  facts,  so  pressing  is  the  demand  for  the  application  of  dis- 
covery to  human  uses,  that  it  would  be  impossible  merely  to 
reprint  any  work  on  pure  or  applied  chemistry,  even  were  it  but 
two  or  three  years  old.  It  is  difficult,  therefore;  to  conceive  the 
state  of  experimental  science  when  a  treatise  of  applied  chemistry 
could  still  be  of  use  150  years  after  its  first  appearance.  Such 
slow  progression  is  hardly  intelligible,  unless  we  remember  that 
there  were  receipts,  trade  secrets,  jealously  guarded,  but  no  real 
science,  no  knowledge  of  the  laws  of  nature  which  could  be 
applied  to  make  man's  existence  easier.  Society  besides  had  its 
attention  directed  in  quite  different  directions,  and  was  not  fitted 


*  They,  however,  are  not  the  only  examples  of  literary  longevity.  Even 
more  remarkable  cases  are  described  in  my  NgU»  on  Books  of  Secrets,  parts 
IV.  and  v.,  in  the  Transactions  of  the  Archaeological  Society  of  OUugow. 
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for  the  physical  amenities  of  the  present  time.  So  far  as  chemistry 
was  concerned  its  principles  were  too  narrow  and  too  inaccnrato 
to  permit  of  technical  applications  of  them.  The  latter  had  to  wait 
until  the  science  had  grown,  by  slow  correction  of  its  errors,  to  a 
fuller  comprehension  of  its  own  scope.  The  history  of  technical 
chemistry  shows  that  the  only  foundation  for  progress  in  practical 
applications  and  production  lies  in  scientific  investigation  and  in 
the  employment  of  principles  and  laws;  not  in  "  rule  of  thumb," 
however  absolute;  not  in  haphazard  discovery,  however  lucky  and 
brilliant;  not  in  mere  practical  dexterity,  however  consummate. 
Even  if  an  epoch-making  discovery  be  found  by  random  search, 
its  value  is  not  understood  until  it  has  been  brought  under  the 
law  of  its  being.  Priestley  isolated  oxygen,  the  most  important  of 
all  bodies;  but  he  was  unable  to  deduce  any  law  or  generalisation 
from  it,  and  to  the  end  of  his  life  he  never  grasped  the  significance 
of  his  own  work ;  oxygen  remained  barren  in  his  hands.  Prussian 
blue,  discovered  by  the  merest  accident,  was  manufactured  empiri- 
cally with  the  utmost  uncertainty,  until  Scheele  inquired  into  the 
cause  of  the  blue  colour,  and  demonstrated  what  substances  are 
absolutely  necessary  for  its  production.  Thereafter  the  manu- 
facturer could  proceed  with  rapidity  and  certainty.  Coal  tar, 
practically  produced,  was,  as  an  utterly  offensive  product^  practi- 
cally wasted,  until  scientific  investigation  showed  practice  what 
can  be  done  with  it,  what  can  be  made  of  it  The  coal  tar 
industry,  in  its  very  widest  form,  rests  on  science,  not  on  practice. 
Had  not  chemists  pursued  the  examination  of  the  substances  in 
coal  tar,  merely  for  the  sake  of  knowing  them  and  without  any 
intention  of  practical  application,  the  coal  tar  colours  would  never 
have  been  discovered,  and  the  series  of  manufactures  thereon 
depending  would  never  have  been  called  into  existence.  Every 
industry  that  has  truly  progressed  lias  acquired,  sooner  or  later,  to 
a  greater  or  less  extent,  a  scientific  foundation.  The  history  of 
the  manfacture  of  sulphuric  acid  exhibits  the  economy  of  scientific 
working,  as  compared  with  that  of  mere  practice. 

No  more  hampering,  no  more  fatal  delusion  can  exist  than  that 
science  is  inimical  to  practice — that  the  manufacturer  does  not 
need  science.  If  that  has  any  meaning,  it  is  that  the  producer  on 
the  large  scale  can  get  on  better  in  his  dealings  with  matter  by 
ignorance  of  its  laws  than  by  knowledge  of  them;  that  he  can 
afford  to  neglect  them  on  the  large  scale,  while  the  scientific 
investigator  must  obey  them  implicitly  at  any  cost. 
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This  is  self-contradictory,  and  it  is  shown  to  be  so  by  history. 
^o  thesis  is  easier  to  maintain  or  easier  to  illustrate  than  that  the 
mere  manufacturer  is  at  the  mercy  of  him  who  makes  discovery 
his  chief  aim,  and  must  follow  wherever  he  leads.  If  it  required 
anything  to  show  how  all-important  is  science  to  the  progress  of 
technology  it  would  be  the  contemplation  of  the  first  attempts  at 
technical  or  applied  chemistry  as  recorded  in  these  old  booka 
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VI. — The  Heeling  Error  of  the  Compass  in  Iron  Ships. 

By  William  Bottomley. 


[Read  before  the  Society,  11th  January,  1888.] 


In  this  paper  I  do  not  propose  to  enter  into  the  general  question 
of  the  magnetism  of  an  iron  ship  and  the  errors  of  the  compass 
which  it  produces,  but  will  confine  myself  to  the  consideration 
of  the  disturbance  which  is  experienced  when  the  vessel  *' heels" 
over.  I  will  assume  that,  with  the  ship  on  an  even  keel,  the 
effect  of  the  magnetism  of  the  ship's  iron  on  the  compass  has 
been  compensated  by  Airy's  well-known  plan  of  placing  magnets 
fore-and-aft  and  thwartship,  to  correct  the  semicircular  error, 
and  masses  of  soft  iron  on  each  side  of  the  compass,  for  correct- 
ing the  quadrantal  error,  and  that  the  compass  is  correct  on  all 
courses  when  the  ship  is  on  an  even  keel.  When  the  ship  heebs 
over,  the  altered  position  of  the  iron  of  the  ship  produces  a 
change  in  its  effect  on  the  compass,  and  gives  rise  to  the  "  heeling 
error."  The  general  effect  of  the  heeling  of  the  ship  is  to  pro- 
duce an  error  which  is  greatest  when  the  ship's  head  is  north  or 
south,  and  which  gradually  diminishes  as  the  ship  veers  round 
towards  the  east  or  west.  With  the  ship's  head  east  or  west 
there  is  no  sensible  heeling  error.  In  general,  when  the  ship 
is  in  the  northern  hemisphere,  the  north  point  of  the  compass 
card  is  drawn  to  the  high  side  of  the  ship ;  in  the  southern  hemis- 
phere it  is  drawn  to  the  low  side  of  the  ship.  The  disturbance 
due  to  heeling  arises  from  two  separate  causes : — (1)  The  com- 
ponent of  the  ship's  permanent  magnetism  which  is  perpendicular 
to  the  deck ;  (2)  the  magnetism  induced  in  the  soft  iron  of  the 
ship  by  the  vertical  component  of  the  earth's  magnetism. 

The  special  object  of  this  paper  is  to  deal  with  the  error  which 
is  produced  by  the  second  of  these  causes,  that  is  to  say,  by  the 
magnetism  induced  in  the  soft  iron  of  the  ship  by  the  vertical 
component  of  the  earth's  magnetic  force,  and  to  show  that  the 
masses  of  soft  iron  which  are  placed  on  each  side  of  the  compass, 
to  correct  the  quadrantal  error  when  the  ship  is  upright,  exercise 
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a  most  important  part  in  correcting  the  heeling  error  when  the 
ship  heels  over  if  they  are  fixed  to  the  binnacle  and  move  with 
the  ship. 

I  have  spoken  of  the  magnetism  induced  in  soft  iron,  and  per- 
haps it  would  be  desirable  for  me  to  explain  very  briefly  the 
terms  "hard  iron"  and  "soft  iron,"  and  the  effects  produced  by 
magnetic  force  on  these  different  kinds  of  iron.  '<  Soft  iron  "  is 
iron  which  becomes  magnetised  almost  or'  quite  instantaneously 
when  brought  under  the  influence  of  a  magnetising  force,  and 
which  loses  its  magnetism  as  soon  as  that  influence  is  removed. 
"  Hard  iron,"  on  the  other  hand,  is  iron  which  does  not  acquire 
magnetism  so  easily,  but  when  once  it  is  magnetised  it  retains 
its  magnetism  even  when  the  magnetising  force  is  removed.  I 
have  here  a  bar  of  soft  iron  with  which  I  will  illustrate  the 
effect  of  magnetism  on  soft  iron.  When  I  hold  it  in  a  vertical 
direction,  or  in  the  direction  of  the  "  dip,"  it  is  brought  under 
the  influence  of  the  earth's  magnetic  force,  and  it  at  once  be- 
comes magnetised ;  the  upper  part  attracts  the  north-seeking 
end  of  this  suspended  needle,  and  the  lower  part  the  south- 
seeking  end  of  the  suspended  magnet.  Now,  if  the  bar  be  re- 
versed end  for  end,  its  magnetism  will  at  once  become  reversed. 
The  lower  end  of  the  bar,  which  was  uppermost  before,  and 
attracted  the  north-seeking  end,  now  repels  it  and  attracts  the 
south-seeking  end.  When  the  bar  is  held  horizontally,  with  its 
length  in  an  east  and  west  direction,  it  loses  its  magnetic  effects 
if  it  is  perfectly  soft. 

On  the  other  hand,  a  piece  of  unmagnetised  hard  steel  will  not 
become  magnetised  unless  acted  on  by  a  powerful  magnetic  force, 
but  when  it  has  been  magnetised  by  a  sufficiently  great  force 
it  retains  its  magnetism  permanently. 

The  iron  used  in  shipbuilding  is  neither  perfectly  hard  nor 
perfectly  soft,  and  in  consequence  we  find  the  effect  both  of 
hard  iron  and  of  soft  iron  on  board  an  iron  ship.  By  the 
hammering  in  rivetting  the  iron  of  the  ship  becomes  partially 
magnetised,  so  that  the  ship  acts  as  a  permanent  magnet,  but  at 
the  same  time  the  iron  of  the  ship  also  exhibits  the  properties  of 
soft  iron,  and  becomes  magnetised  by  induction  from  the  earth's 
magnetism.  This  diagram  (Plate  I.,  Fig.  1),  which  represents  a 
cross  section  of  a  ship  in  the  northern  hemisphere  at  the  position 
of  the  compass,  illustrates  the  distribution  of  magnetism  induced 
in  the  soft  iron  by  the  vertical  component  of  the  earth's  magnetism. 
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The  whole  of  the  upper  part  of  the  ship  acquires  magnetic  polarity 
similar  to  that  of  the  earth's  North  Pole — coloured  blue, — ^while 
the  lower  part  acquires  polarity  similar  to  the  earth's  South  Pole-*— 
coloured  red.  Now,  when  the  ship  heels  over  (Fig.  2),  this  induced 
magnetism  shifts  in  position  in  the  ship.  The  upper  side  of  the 
deck  becomes  more  powerfully  blue  than  the  lower  side  and 
attracts  the  north  point  of  the  compass  towards  it,  and  pro- 
duces a  heeling  error,  drawing  the  north  point  of  the  compass  to 
the  high  side  of  the  ship.  In  the  southern  hemisphere  the 
opposite  effect  will  be  found.  The  upper  part  of  the  ship  will 
acquire  magnetic  polarity  similar  to  the  earth's  South  Pole, 
and  when  the  ship  heels  over  the  upper  part  of  the  deck  wiU 
repel  the  north  point  of  the  compass  and  cause  a  heeling  error, 
drawing  the  north  point  of  the  compass  to  the  low  side  of  the 
ship. 

I  wish  now  to  show  you  that  the  soft  iron  correctors,  which  are 
used  for  correcting  the  quadrantal  error  when  they  are  fixed  to 
the  binnacle  and  move  with  the  ship,  exercise  a  most  important 
part  in  correcting  the  heeling  error  when  the  vessel  heels  over. 
These  masses  of  soft  iron  are  shown  in  the  diagram  at  B,  B,  and 
are  placed  on  each  side  of  the  binnacle,  C.  They  are  made  of  soft 
iron,  and  become  magnetised  by  induction  from  the  earth's  force. 
The  upper  part  acquires  blue  polarity,  and  the  lower  red  polarity. 
When  the  ship  heels  over,  the  lower  part  of  the  quadrantal 
corrector  on  the  upper  side  of  the  ship  rises  up  towards  the  level 
of  the  compass  needles,  and  having  red  polarity,  it  repels  the  north 
point  of  the  compass  from  the  high  side  of  the  ship,  and  thus  acts 
as  a  most  important  corrector  for  the  heeUng  error. 

With  regard  to  the  amount  of  this  correction,  I  may  say  that 
globes  of  soft  iron,  8|  inches  in  diameter,  when  placed  about  8 
inches  from  the  centre  of  the  compass  correct  about  7^  of  quad- 
rantal error.  This  is  a  very  usual  amount  on  board  a  merchant 
ship.  These  globes  will  correct  about  1°  of  heeling  error  for  each 
degree  of  heel  of  the  ship — that  is  to  say,  if  the  ship  heels  over 
10**,  the  globes  will  correct  10**  of  heeling  error.  Notwithstanding 
this  large  correction  of  the  heeling  error,  which  is  effected  by  the 
quadrantal  correctors,  it  is  found  in  practice  that  it  is  not  sufficient 
to  correct  the  whole  of  the  heeling  error,  and  it  is  necessary  to 
apply  a  magnet  perpendicular  to  the  deck,  underneath  the  centre  of 
the  compass,  to  augment  the  correction  of  the  heeling  error  which 
is  effected  by  the  quadrantal  correctors. 
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Mr.  Nathakiel  Dunlop^  on  being  called  upon  to  speak  by  the 
President,  said  he  had  been  much  interested  in  Mr.  Bottomle3r's 
paper,  and  in  the  explanation  of  the  heeling  error.  He  was  sorry 
that  there  were  so  few  nautical  men  present  to  see  the  illustration 
of  the  heeling  error,,  which  had  been  shown  by  means  of  the 
iron  tank,  and  of  the  correction  of  the  heeling  error  by  means 
of  the  quadrantal  correctors  fixed  to  the  binnacle.  It  had  been 
proposed  recently  to  correct  the  compass  on  board  iron  ships 
by  correctors  attached  to  the  compass  bowl  and  swinging  with  the 
bowl,  but  he  thought  that  the  explanation  and  illustrations  which 
Mr.  Bottomley  had  given  proved  conclusively  that  for  the  proper 
correction  of  the  compass  it  was  necessary  that  the  correctors 
should  be  attached  to  the  binnacle  and  partake  of  the  motion 
of  the  ship. 
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YII. — Public  Museums  as  Aids  in  Teaching.    By  James  CoLYiLLEy 

M.A.,  D.Sc. 


[Read  before  the  Society,  Uth  JanuaTy,  1888.] 


I  PROPOSE  in  the  following  paper  to  bring  under  the  notice  of  the 
Society  a  plan  for  the  better  utilising  of  public  museums  and 
cognate  institutions  for  purposes  of  ordinary  school  teaching,  con- 
sidering in  the  first  place  its  bearings  on  education,  and  in  the  next 
place  the  probable  effect  of  its  adoption  on  museums  themselves 
Discussion  wiU  bring  out  the  weak  points  of  the  proposal,  deter- 
mine the  departments  of  teaching  to  which  it  is  applicable,  and 
give  a  direction  to  its  further  development. 

Although  most  departments  of  educational  work  have  been 
carried  on  in  recent  years  under  more  favourable  conditions  than 
formerly,  there  is  room  and  urgent  need  for  a  new  departure  in  a 
direction  in  which  our  Corporation,  as  custodiers  of  Museums, 
Parks,  and  Galleries,  can  lend  efficient  aid.  What  I  am  about  to 
say  in  support  of  this  position  is  well  foreshadowed  in  the  follow- 
ing quotation  from  a  paper,  recently  read  before  this  Society  by 
the  accomplished  Curator  of  the  Museum.  '^  During  the  past 
fifteen  years,"  says  Mr.  Paton,  ^^  education  has  made  enormous 
strides  in  our  midst,  and  large  sums  have  been  expended  in  the 
machinery  of  elementary  education  and  school  buildings.  We  are 
now  on  the  threshold  of  other  important  changes  in  connection 
with  scientific  and  secondary  education,  and  in  the  efficiency  of  all 
these  educational  movements  the  museum  of  the  city  ought  to 
be  an  important  factor.  It  ought  to  be  the  centre  around  which 
educational  institutions  should  cluster,  the  storehouse  whence 
they  could  draw  the  material  examples  and  illustrations  required 
on  the  lecture  table  and  in  the  class-room." — Proceedings  of  the 
Philosophical  Society  of  Glasgow,  Vol.  XVII.,  p.  77.  • 

Long  convinced  of  the  educative  influence  of  museums,  and 
desirous  of  making  better  use  of  them  than  was  possible  under 
existing  conditions,  I  transmitted  the  paper  I  now  read  early  last 
autumn  to   the  proper  authorities,    requesting  the  privilege  of 
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borrowing  objects  from  their  collections,  but  scarcely  venturing  to 
hope  that  my  prayer  would  be  conceded  without  a  struggle.  To 
my  agreeable  surprise  I  was  met  more  than  half-way.  I  had 
suggested  that,  on  the  lines  of  circulating  libraries,  schools  might 
subscribe  to  the  museum  and  thereby  entitle  themselves  to  borrow 
from  time  to  time  from  its  contents,  subject  to  the  discretion  of 
the  Curator.  However,  in  a  circular  addressed  to  the  Chairman 
of  the  School  Board,  the  privilege  was  offered  most  generously  to 
all  schools  without  such  subscription.  As  I  have  already  made 
ample  use  of  the  privilege,  I  am  in  a  position  to  speak  of  the 
benefits  to  be  derived,  and  of  the  actual  working  of  the  scheme. 

It  is  not  necessary  to  recommend  at  great  length  such  a  scheme 
on  theoretical  grounds.  If  one  feature  more  than  another  is 
specially  characteristic  of  recent  educational  progress,  it  is  the 
increasing  importance  assigned  to  things  rather  than  words,  to  the 
concrete  rather  than  the  abstract,  as  an  instrument  of  instruction. 
This,  after  all,  is  but  the  oldest  and  most  natural  of  pedagogic 
methods.  Lucid,  simple  explanation  is  good;  diagram  or  picture 
still  better;  the  actual  sensible  object  best  of  all.  What  means 
this  cry,  as  yet  incoherent,  for  technical  training  but  the  expression 
of  a  feeling  that  the  senses — the  gateways  of  knowledge — form  the 
safest  basis  for  instruction  calculated  to  prepare  for  the  industrial 
business  of  life?  What  we  have  to  do  with  here,  however,  is 
nothing  more  than  the  general  education  of  the  senses.  This 
general  education  of  the  senses  must  necessarily  have  things 
rather  than  words  for  its  instruments.  Academic  methods  must 
ever  remain  indispensable  to  the  training  of  the  professional, 
learned,  and  governing  classes ;  and  in  the  olden  days,  when  the 
resources  of  civilisation  were  few,  and  the  field  open  to  human 
effort  limited,  the  need  for  such  classes  was  paramount  and  their 
rewards  great.  No  wonder  then  that  these  methods  gained  that 
firm  hold  on  education  which  they  so  stoutly  to  this  day  maintain. 
No  mere  education  of  the  senses  will  ever  impart  the  subtle  sense 
of  the  beauty  of  linguistic  expression,  the  far-reaching  grasp  of  the 
philosophical  intellect,  the  noble  enthusiasm  of  the  statesman,  the 
orator,  the  poet,  and  the  preacher.  On  the  vastly-preponderating 
class,  however,  of  hand-workers  in  field  and  city,  aceidemic  methods 
would  be  thrown  away.  Let  them  be  strong  with  the  strength  of 
Antaeus,  greatest  when  in  contact  with  mother  earth.  To  all 
immature  minds,  unaccustomed  to  mental  analysis  and  accurate 
linguistic  expression,  objective  teaching  is  a  philosophical  necessity. 
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Seeing  is  not  only  believing,  but  it  shonld  create  a  desire  to  see  as 
the  best  basis  for  belief,  for  the  human  mind  rapidly  grows  in 
acquisitiveness  and  assimilating  power  when  brought  into  intelli- 
gent contact  with  the  facts  of  nature.  How,  then,  is  the  demand 
for  objective  teaching  to  be  satisfied  ?  Pictorial  art  pours  out  to 
us  endless  stores  of  illustrative  material  It  may  be  that  this  very 
abundance  tends  to  cramp  the  imagination  and  gratify  a  mere 
vulgar  wonder.  Excursions  and  collecting  are  still  better  edu- 
cators. Country  children  are  in  this  connection,  for  the  more 
familiar  objects  of  their  districts,  independent  of  further  aid,  and 
can  see,  handle,  and  collect,  as  part  of  their  daily  experience. 
Geikie's  recent  book  on  the  Teaching  of  Geography  as  a  stimulus 
and  guide  to  this  delightful  hunting-ground  of  the  senses  is  admir- 
able in  its  wise  suggestiveness.  But  with  the  urban  child  the  case 
is  otherwise.  On  the  other  hand,  if  we  consider  great  industries 
and  mechanical  processes,  the  town  youth  has  the  advantage.  To 
him  the  street,  the  wharf,  the  market,  the  railway  station,  are  a 
living  moving  museum.  Whether  or  not  either  makes  good  use 
of  his  natural  advantages,  finding  in  them  a  stimulus  to  his 
curiosity,  is  another  matter. 

Everyone  is  &uniliar  with  the  all-important  part  which  Bacon 
assigned  to  observation  and  experiment.  Now,  in  the  general 
education  of  the  senses,  museums  play  the  part  of  experiment  in 
supplementing  and  forwarding  the  slow  process  of  individual 
observation.  The  formation  of  such  in  connection  with  the 
daily  teaching  of  the  school  is  most  commendable.  One  of  the 
most  admirable  features  in  the  yearly  report  of  a  German  higher 
school  is  the  graceful  and  grateful  reference  to  the  various  con- 
tributions, from  pupils  and  well-wishers,  of  objects  for  the  school 
museum.  Any  school  collection,  however,  is  necessarily  imperfect, 
and,  when  the  special  interest  in  which  it  originated  has  evaporated, 
is  liable  to  sink  into  melancholy  neglect  We  have  therefore  to 
fall  back  upon  the  public  museums,  and  here  the  question  arises — 
Do  these  quite  satisfy  the  demand  1  A  suspicion  is  apt  to  arise 
that  they  scarcely  realise  the  expectations  of  those  who  believe  in 
them.  To  most  people  they  are  shows,  sights  to  be  done,  retreats 
in  enforced  leisure  or  stress  of  weather.  The  thousands  whose 
visits  the  turnstiles  tell  feel  no  immediate  need  of  education,  and 
do  not  very  well  know  how  to  set  about  the  satisfying  of  such  a 
want,  supposing  it  to  exist.  How  might  such  institutions  be  made 
educationally  more  valuable?    The  specialist  is  able  to  look  after 
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himself ;  but  the  problem  is,  bow  to  bring  under  the  influence  of 
museums  and  galleries  those  young  minds  in  whom  intellectual 
acquisitiveness  is  but  imperfectly  developed.     The  inner  eye  sees 
only  what  it  has  been  taught  to  see ;  we  take  the  liveliest  interest 
in  those  who  are  likely  to  be  of  service  to  us,  anyone  of  whom  we 
have  no  need  being  to  us  supremely  indifferent.     I  once  saw,  and 
the  sight  was  a  depressing  one,  an  apathetic  procession  of  children 
led  through  the  Corporation  Galleries  at  a  quick  but  not  very 
steady  pace,  to  see  the  prize  drawings  in  connection  with  the 
South  Kensington  examinations.     Here  was  education  by  official 
authority  reduced  to  a  farce.  In  a  German  town  the  visits  to  Botanic 
and  Zoological  Gardens  form  an  officially  recognised  fei&ture  of  the 
school  programma     In  Hamburg  and  Berlin,  for  example,  it  is 
as  familiar  as  it  is  delightful  to  see  lads,  on  their  way  from  school, 
sketching  the  artistically-constructed  houses  in  the  Zoo,  either 
alone  or  with  a  master;   or  classes  marching  off  in  the  early 
morning  to  supplement  the  instruction  of  the  class-room.     Why 
this  should  be  so  would  lead  one  far  afield  into  a  comparison 
between  Grerman  and  Scotch  children,  and  above  all  between  the 
position  of  education  and  of  the  educator  there  and  here.     To  have 
our  schools  brought  to  the  museums  is  with  us  quite  impracticable 
and  indeed  inexpedient,   whether  by  teachers  conducting  their 
pupils  thither,  or  by  lectures  within  these  institutions  themselves. 
How  might  the  museum   be  brought  to  the  schooH     This 
question  is  answered  by  the  generous  and  enlightened  offer  of  the 
Corporation  circular.      It  is  to  be  taken  advantage  of  only  on 
oertain  lines  and  within  special  limitations.     Many  instructive 
objecte,  from  their  size,  nature,  and  value,  are  quite  unsuited  for 
lending.      There  would  still  remain  plenty  of  useful  material, 
particularly    in   the   departments   of  natural   history,  economic 
botany,  archaeology,  the  raw  materials  of  art  and  industry,  illus- 
trations of  commercial  geography  and  missionary  enterprise.     Nor 
is  it  possible  to  forget  that  in  actual  working  the  scheme  will  call 
for  system,  patience,  and  kindliness,  on  the  part  of  the  officials, 
and  unflagging  enthusiasm   and   industry   on   the   part  of   the 
beneficiaries.      On  the  former  head,  at  least,  there  need  be  no 
apprehension  with  so  enlightened  a  curator  as  Mr.  Faton,  and  one 
so  able  and  courteous  as  his  assistant,  Mr.  Campbell 

To  discuss  the  advantages  of  this  proposal  to  schools  themselves 
would  lead  to  an  exposition  of  the  first  principles  of  teaching.  Nihil 
in  inteUeeUi  nisi  pruis  in  sensu  is  an  old  dictum  that  puts  the  whole 
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matter  in  a  nutshell     But  the  benefits  to  museums  themselves 
would   be  considerable.     The  effect  of  educating  through  this 
channel  the  powers  of  observation  will  bring  again  and  again  to 
public  collections  inquisitive  eyes  that  would  never  otherwise 
have  looked  twice  at  them.     The  direction  thus  given  would  lead 
to  further  developments.     It  would  directly  minimise  their  mere 
show  aspect,  and  improve  the  scientific.     One  may  see  in  Edin- 
burgh the  efiect  in  this  direction  of  a  museum  being  directly 
associated  with  a  great  teaching  institution.     We  have  no  such 
facilities  for  strictly  scientific  study,  for  schools  and  the  general 
public  are  practically  excluded  from  the  Hunterian  and  Ander- 
sonian  Museums — the  only  collections  we  have  that  exist  specially 
for  teaching  purposes.     The  working  of  a  school-lending  scheme 
would  no  doubt  soon  reveal  the  defects  of  the  Kelvingrove  Museum 
in  this  connection.     Take,  for  example,  thh  department  of  natural 
history.     The  general  educator  does  not  look  for  specimens  of  the 
larger  mammals — ^they  are  hardly  wo^h  the  space  they  occupy; 
but  he  would  expect  to  see  illustrations  of  structure,  especially  in 
their  comparative  aspects,  e.g.,  illustrations  of  skull  formation, 
dentition,  foot,  horn,  and  the  like.     We  may  well  despair  of  ever 
seeing  realised  among  us  the  enchanting  pictures,  sketched  in  a 
recent  article  in  the  English  lUustrcUed  Magaaine  on  "  Ornitho- 
logy at  South  Kensington.''   There  one  finds  not  only  stuffed  birds, 
but  a  family  group—  of  parents,  young,  nest,  and  surroundings,  tlie 
whole  forming  a  perfect  bit  of  nature  cut  out  aiid  fixed' in  its  en- 
tirety before  the  admiiing  beholder.     £ut  there  might  easily  be 
a  comparative  view  of  types  of  wing,  feather,  feet,  beak,  and  the 
like.    Take,  again,  Entomology  and  Ck)ncliology.    Both  are  shown 
as  a  rule  in  the  thoroughly  dead  and  dreary  style.     Why  should 
there  not  be,  in  addition  to  the  orthodox  cases  for  facility  of 
naming  and  reference,  groups  showing  the  local  forms  at  least, 
say  of  insects  among  models  of  the  plants  which  they  frequent,  of 
molluscs  in  a  bit  of  sea-cave^  with  weed  and  sand  and  shingle. 
Then,  again,  why  speak  of  the  transformations  of  insects  when 
they  are  so  rarely  illustrated  ?     Not  only  the  imago,  but  its  eggs, 
larva,  and  chrysalis  ought  to  be  shown  together.     It  would  be 
easy  to  find  numerous  illustrations  of  how  museums  would  be  de- 
veloped educationally  by  their  being  used  in  actual  school  teaching. 
With  this,  again,  is  connected  the  matter  of  models.     Anyone 
who  has  seen  the  Berlin  Post-office  Museum,  or  that  of  Hygiene, 
will  know  both  how  immensely  behind  the  artistic  Germans  we 
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are  in  this  respect,  and  how  instructive  beautiful  models  can  be 
made.  Could  there  be  better  or  more  valuable  Hand-Arbeit  for 
technical  schools  than  the  production  of  scientific  models,  many 
of  which  would  find  their  way  to  a  school-lending  collection  ? 

The  principle  of  lending  from  public  stores  admits  of  wide 
application.  Were  there  a  custodier  in  the  public  interest,  such 
as  the  Corporation,  for  maps,  diagrams,  photos,  engra\'ings,  philo- 
sophical instruments,  and  the  like,  what  a  field  of  fresh,  genuine 
instruction  would  there  be  opened  up.  The  expense  of  purchase 
weighs  heavily  upon  the  few  voluntary  and  proprietary  schools 
that  still  survive,  and  in  this  way  the  children  of  the  better 
classes  positively  suffer.  To  furnish  a  new  map  of  Scotland  for 
elementary  (sic)  instruction,  the  School  Boards  of  Edinburgh  and 
Glasgow  have  just  ordered  over  70  copies,  at  an  outlay  of  about 
£150,  which  gives  one  some  idea  of  the  demands  made  on  modem 
school-keeping.  But  it  is  impossible  for  even  a  rich  city  Board  to 
make  each  school  complete  within  itself.  If  it  were  so,  it  would 
entail  enormous  waste  both  of  money  and  material,  in  addition 
to  involving  a  gross  mistake  in  principle.  To  stimulate  and  keep 
alive  intellectual  curiosity,  there  must  be  constant  change  of 
objects.  Pictures  soon  become  to  the  familiar  gazer  merely  so 
much  wall-paper.  To  the  School  Board,  however,  we  might 
naturally  look  to  fill  up  a  gap  in  our  educational  machinery  in 
a  way  that  would  be  both  interesting  and  instructive,  for  it  might 
help  us  to  a  Museum  of  Pedagogy  that  should  present  a  telling 
view  of  the  history  of  education — the  most  important  phase  of 
social  development.  The  appliances  for  instruction  are  many  of 
them  clever  and  ingenious;  they  tell  of  failure  as  well  as  success, 
and  in  both  respects  are  suggestive.  There  is  a  public  outside  the 
school  that  it  would  be  unwise,  even  under  a  rate-aided  system,  to 
ignore.  It  would  be,  moreover,  graceful  and  thoughtful  of  a  City 
Board  to  cultivate  such  neutral  ground  in  a  field,  the  major  part 
of  which  it  monopolises,  and  do  something  thereby  at  once  to 
instruct  and  stimulate.  For  such  a  museum,  if  wisely  planned, 
would  be  much  more  than  an  exhibition  of  school  furniture. 
Sectional  museums  of  this  kind  have  a  sound  raison  d'etre,  and 
will  be  in  the  future  much  more  useful  than  the  huge  storehouses 
of  the  past.  There  are  two  such  school  museums  in  Berlin,  but 
they  belong  to  associations  of  teachers,  and  are  necessarily  on  a 
limited  scale. 

Apart  from  Museums  and  Galleries  the  Parks  and  Gardens  of 
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a  city  have  an  educational  as  well  as  a  recreative  value,  as  the 
only  bits  of  nature  left  to  us  for  the  training  of  the  observing 
faculty.  A  walk  in  the  country  under  the  terrible  incubus  of 
feudalism  bristles  with  warning  notices  against  trespass  to  right 
or  left  There  is  some  excuse  for  this  in  the  conduct  of  city 
excursionists,  but  it  is  to  be  hoped  that  a  youthful  population, 
educated  to  take  an  intelligent  interest  in  nature,  to  love  it,  and 
to  study  it,  would  soon  make  this  brainless  vandalism  a  thing  of 
the  past.  Meanwhile,  till  that  happy  day  arrives,  what  may  be 
got  out  of  our  preserved  nature  in  towns?  In  our  parks  some- 
thing more  should  be  aimed  at  than  greenery  and  good  roads, 
our  Botanic  Gardens  should  not  be  considered  merely  as  acres  of 
glass  and  hundreds  of  unfamiliar  exotics.  These  are  excellent  in 
their  way,  but  it  would  be  easy  to  mingle  instruction  with 
pleasura  Horticulture  is  a  delightful  luxury,  but  its  nomencla- 
ture and  forms  are  strange.  In  the  parks  we  have  pretty  bits  of 
this  sort  of  thing,  but  the  names  of  the  plants  excite  little  interest, 
and  satisfy  few  wants.  Let  us  have  the  trees  and  shrubs  named, 
which  would  be  more  than  was  done  in  the  so-called  Botanic 
Gardens.  Why  not  also  cultivate  little  groups  of  our  common 
flowers,  grains,  grasses,  even  the  humble  vegetables?  Does  the 
town  child  know  how  they  all  look  when  enjoying  the  life  and 
liberty  of  mother  earth,  and  her  genial  sky?  Is  not  even  a  turnip 
leaf  or  a  carrot  top,  a  pea  blossom  or  a  potato  apple,  a  graceful 
and  interesting  object?  We  err  greatly  if  we  think  all  these  are 
well-known  to  the  young.  There  are  none  so  blind  as  those  who 
feel  no  stimulus,  And  no  occasion,  to  look.  A  thirst  for  knowledge 
is  supposed  to  be  synonymous  with  a  love  of  books.  Far  from  it; 
there  is  a  cyclopsedia  of  instruction  around  us,  but  we  are  too 
indifferent  to  learn.  Only  those  who  are  engaged  in  teaching  can 
realise  how  unobservant  young  people  are.  To  them  all  herbs  are 
grass,  all  grains  com.  In  an  assembly  of  town-bred  adults  what 
percentage  of  them  would  be  able  to  distinguish  the  different 
native  forest  trees  in  leaf?  Still  fewer  would  do  so  if,  as  Kuskin 
tells  us  to  recognise  our  trees,  they  were  to  see  these,  among  the 
most  graceful  of  natural  objects,  merely  as  naked  forms  shown  up 
against  the  cold  sky  of  a  winter  twilight. 

It  will  hardly  be  denied  that,  in  the  laying  out  of  our  parks 
and  gardens,  popular  instruction  was  little  thought  of.  Take,  for 
example,  the  ornamental  pond  in  the  West-End  Park.  It  has 
been  planned  on  the  model  of  a  utilitarian  reservoir,  when  it 
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might  have  been  a  pretty  bit  of  nature.  Naked  whinstone  blocks 
form  its  banks,  and  a  commonplace  island  its  centre.  Had  these 
been  concealed  with  reeds  and  aquatic  plants;  had  a  few  willow 
stumps  been  driven  into  the  bottom  of  the  pond,  and  vegetation 
allowed  to  cluster  around  them,  not  only  would  the  eye  have  been 
pleased,  but,  what  is  more,  the  birds  would  have  found  that  plant 
and  animal  life  on  which  they  thrive,  and  the  balance  of  nature 
would  have  been  established.  Given  a  few  holes  on  the  sloping 
banks,  a  few  reedy  retreats  on  the  marge  of  the  mere,  and  on  a 
calm  summer  morning  the  water-hen  and  the  burrow-duck,  the 
mallard  and  the  teal,  might  be  seen  guiding  their  callow  dots  of 
golden  green  over  the  placid  waters.  Take,  again,  the  enclosure, 
in  which  there  are  only  a  few  sheep  to  remind  us  of  our  sooty 
abominations.  How  delightful  would  it  be  to  see  instead  a  rock 
garden  in  the  centre  of  the  grassy  slope  filled  with  alpine  plants. 
These  would  be  redolent  of  the  breezy  crags  and  heathery  uplands 
of  our  youth,  while  the  costly  products  of  the  greenhouse  tell 
only  of  the  gorgeous  but  unfamUiar  tropics. 

Parks  and  gardens,  in  common  with  museums,  admit  of  a  more 
precise  use  in  connection  with  school  teaching.  In  the  subject  of 
Botany,  there  is  in  towns  very  great  difficulty  in  procuring 
specimens.  It  is  fortunate  for  us  that  the  Corporation  now  own 
the  Botanic  Gardens,  and  will,  it  is  to  be  hoped,  extend  to  them 
the  privilege  they  have  generously  conceded  to  schools  in  connec- 
tion with  the  Museum.  Fancy  the  impulse  that  would  be  given 
to  Botany,  one  of  the  most  delightful  of  all  the  sciences  of 
observation  to  the  young,  if  a  teacher  could  at  any  time  draw 
upon  the  parks  and  gardens  for  illustrations  in  the  class-room. 
Such  a  scheme  is  actually  in  operation  in  Berlin,  where  schools 
may  subscribe  to  the  Botanic  Gardens,  and  in  return  receive 
specimens  for  teaching  purposes. 

The  consideration  of  our  parks  and  gardens  naturally  suggests 
the  wider  question  of  open  spaces  and  innocent  recreative  resorts 
in  such  a  large  centre  of  population  as  our  own.  This  subject 
was  most  thoroughly  and  suggestively  treated  by  our  President, 
in  a  paper  read  before  the  Edinburgh  Health  Society.  There 
he  drew  attention  to  the  influences  tending  to  the  gradual  de- 
terioration of  urban  populations,  and  among  them  not  the  least 
the  absence  of  recreative  facilities.  With  squares  few,  and  school 
playgrounds  shut,  the  young  are  driven  to  the  crowded  street ; 
for  the  adult  idler  the  drinking  bar  and  the  music  hall  have  no 
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rivals.  Contrast  this  with  the  kindly  and  intelligent  interest  in 
children  one  sees  in  a  continental  town.  There,  in  squares  and 
parks,  we  have  the  usual  Spiel-platz  with  its  heap  of  damp  sand 
laid  down  for  the  tiny  workers,  and  here  and  there  stone  benches 
on  which  to  dispose  the  forms  each  has  constructed.  There  are 
inherent  racial  differences  between  German  children  and  our  own^ 
but  may  not  the  offensive  rowdyism  and  unmannerly  roughness 
so  rampant  ameng  us  be  the  penalty  we  pay  for  that  free- 
dom and  individuality  which  leave  the  strong  youth  to  find  his 
pleasures  for  himself  at  the  expense  of  the  weak  ?  There  is  yet 
another  recreative  resort  of  the  highest  educational  value  unrepre- 
sented among  us.  When  may  we  hope  to  see  zoological  gardens, 
an  aquarium,  terrarium,  aviary  and  the  like,  where  animal  life — 
the  only  perfect  awakener  of  youthful  human  interest — may  be 
studied  and  enjoyed?  If  the  business  enterprise  of  Glasgow 
could  but  witness  the  success  and  general  attractiveness  of  many 
such  places  elsewhere,  we  should  have  them  forthwith.  They 
form  an  endless  source  of  interest  and  instruction  in — not  to 
speak  of  the  great  capitals  London  and  Paris — such  cities  as  Ber- 
lin, Koln,  Hamburg,  and  Rotterdam.  Except  the  first-named, 
these  are  all  far  smaller  places  than  Glasgow.  Hamburg  is  almost 
the  size  of  Edinburgh,  Koln  and  Rotterdam  each  not  much  bigger 
than  Dundee  or  Aberdeen.  In  all  these  places  the  collections 
are  in  pretty  and  attractive  gardens,  besides  having  in  themselves 
a  real  scientific  value.  And  what  is  the  best  feature  of  aU  about 
them,  they  exist  without  state  aid.  The  Berlin  Zoo  was  originally 
a  Royal  collection  located  at  Potsdam,  but  was  in  1844  trans- 
ferred to  the  capital  and  handed  over  to  a  body  of  shareholders. 
On  a  cheap  day  last  July  (admission  threepence)  there  was  an 
attendance  of  30,000.  The  garden  in  Rotterdam  is  on  the  basis 
of  a  company  of  shareholders,  and  further  as  a  club,  the  members 
paying  an  annual  subscription  of  46s.,  with  entry-money  for  the 
first  year  of  16s.  8d.  None  but  members — of  which  there  are 
several  thousands — and  strangers  have  admittance,  except  on  a  few 
days  in  summer,  when  townspeople  are  also  admitted  temporarily 
at  lOd.  each,  workpeople  paying  5d.  The  garden  stands  also  very 
high  as  a  botanical  collection,  and  while  it  pays  its  expenses,  which 
are  very  heavy,  and  interest  on  its  loans,  it  is  entirely  and  fully 
self-supporting.  And  all  this  in  a  population  of  157,000.  Could 
it  not  be  imitated  here  )  Even  as  things  are  a  beginning  might 
be  mode.     The  water-fowl  in  the  parks  form  an  endless  source  of 
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interest,  even  without  any  hint  being  afforded  aa  to  their  names  and 
habits.  We  can  remember  the  time  when  even  the  solitary  eagle 
attracted  much  attention.  Would  not  the  Botanic  Gardens  have 
been  a  greater  success  if  animal  life  had  been  shown  in  them  ? 
The  centre  of  the  Kibble  would  allow  of  an  aviary  as  large  as  that 
in  the  Berlin  Aquarium,  one  of  the  most  delightful  and  instruc- 
tive resorts  of  the  city.  Of  the  long  series  of  glass-houses  one 
could  easily  be  turned  into  a  terrarium  for  reptiles,  showing  rare 
and  interesting  forms  of  snake,  tortoise,  and  frog  life.  A  rockery 
under  glass,  alive  Mrith  the  lovely  lizards  and  odd-looking  cham- 
eleons, would  prove  a  constant  source  of  delight.  Scattered  up 
and  down  the  garden  might  be  the  cages  of  the  larger  birds  of 
prey  and  the  smaller  mammals,  a  seal  and  otter  pond,  a  picturesque 
enclosure  with  examples  of  goats,  and  deer,  and  so  on.  Lastly — 
one  of  the  prettiest  features  of  the  Hamburg  Zoo  we  might  have, 
the  Eulenberg,  an  imitation  of  a  ruined  castle,  showing  the  various 
kinds  of  owls  in  quaint  shady  comers.  Small  kiosks  here  and 
there  might  exhibit  the  wonders  of  the  microscope,  optical  marvels, 
and  many  popular  aspects  of  Science.  Under  the  spell  of  such 
imagining  one  pictures  a  happy  future  when  we  shall  see  a 
prosperous  and  educated  city,  an  Improvement  Trust  improved 
out  of  existence,  a  School  Board  debt  in  a  fair  way  to  extinction, 
a  river  once  again  pure  and  limpid,  the  Laird  of  Blantyre  and  the 
Clyde  Trust  at  peace  and  uniting  to  convert  the  Erskine  policies 
into  a  magnificent  people's  park,  full  of  every  form  of  harmless 
pleasure  and  instruction.  Picture  such  a  scene  in  leafy  June, 
thousands  of  pale  faces  invigorated  by  the  woodland  breezes 
sighing  fresh  amid  nature's  greenery ;  in  front  the  eternal  river 
flowing  'neath  the  grey  rock  where  lies  the  memory  of  buried 
centuries ;  above,  the  lights  and  shadows  of  the  Kilpatrick  hills, 
and  away  in  the  far  distance  the  silent  Bens  bathed  in  the  opaline 
radiance  of  the  evening  sky. 

But  to  return  to  the  sober  present.  I  am  quite  aware  of  the 
difficulties  among  us  attending  museum  and  gallery  extension,  the 
troubles  of  the  much-afflicted  ratepayer,  and  the  problems  of 
city  expansion.  I  have  considered  merely  what  is  probably 
realisable.  What  are  the  resources  of  Glasgow  for  the  realisation 
of  such  a  state  of  matters?  As  at  once  a  great  commercial  and  a 
great  manufacturing  centre,  it  occupies  a  unique  position.  To 
say  nothipg  of  our  varied  industries  as  a  training  ground  for 
technical  education,  what  has  been  called  commercial  geography 
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is  both  within  the  range  of  ordinary  school  work,  and  touches  all 
departments  of  trade  and  commerce.  Here  is  a  wide  field  for  the 
general  education  of  the  senses.  With  the  assistance  of  our 
merchants  and  manufacturers,  and  their  world-wide  connections, 
it  should  be  possible  to  form  a  display  of  raw  materials  that 
would  leave  nothing  to  desire.  If  the  teacher  could  vivify  the 
dry  details  of  geography  with  a  sight  of  the  native  products  of 
our  foreign  customers,  specimens  of  goods  in  demandamong  them,  <Scc., 
would  not  this  secure  a  distinct  advance  in  a  direction  in  which 
we  are  said  to  be  paying  the  penalty  of  ignorance  and  indifference? 
The  sight  of  objects  illustrative  of  manners,  customs,  and  beliefs, 
the  handling  of  an  assegai  or  a  tomahawk,  a  calabash,  or  a  fetish 
ought  to  inspire  the  youthful  mind  with  a  deeper  conviction  of 
the  mysteries  of  human  nature,  and  hasten  the  time  when  '^  man 
to  man  the  world  o'er  "  shall  feel  as  brothers.  It  would  not  be 
possible  under  existing  conditions — though  the  resources  for  it 
are  within  reach — ^to  form  such  a  collection  as  the  Berlin 
Ethnological  or  Yolker-kunde  Museum,  still  less  anything  like  the 
Imperial  Institute,  which  by  the  way  is  being  imitated  by  a 
syndicate  of  Berlin  merchants;  but' this  is  a  desirable  direction 
in  which  to  work,  and  with  our  Corporation  as  custodiers  a 
beginning  might  be  made  in  the  benefits  of  which  schools  might, 
to  a  large  extent,  share. 

If  we  turn  to  the  natural  sciences  we  have  equally  ample 
resources.  There  are  in  active  operation  among  us  the  following 
societies,  not  to  mention  the  all-embracing  Philosophical  Society 
itself: — the  Andersonian  Naturalists',  Clydesdale  Naturalists', 
Natural  History,  Zoological,  Microscopical,  and  Geological  To 
these  should  be  added  the  largely  kindred  Archieological  Society. 
These  are  all  organised  bodies  of  scientific  workers,  and,  if  their 
labours  were  guided,  though  indirectly,  into  the  channel  of 
general  education,  should  form  the  best  auxiliaries  in  making 
public  collections  instructive  to  the  young.  And  here  I  may 
conclude  with  a  few  practical,  if  not  practicable,  suggestions.  A 
catalogue  raisonnee  of  our  coUections,  especially  such  of  them  as 
have  a  direct  value  for  school  instruction,  ought  to  be  accessible 
to  every  teacher,  and  even  pupil,  among  us.  Further,  in  these 
days  of  technical  and  commercial  education,  our  local  publishers 
might  do  worse  than  try  a  venture  out  of  the  ordinary  line  of 
helping  School  Boards  to  make  money  out  of  the  public  purse, 
and  give  us  a  handbook  to  our  city  with  maps  and  illustrations, 
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contaming  not  mere  statistics,  or  a  series  of  trade  circulars,  but 
giving  an  instructive  account  of  our  industries,  their  localities  and 
nature,  the  objects,  sources,  and  destination  of  our  commerce, 
food  and  water  supply,  cleansing  and  lighting,  municipal  govern- 
ment and  taxation,  objects  of  interest,  and  the  general  environ- 
ment of  the  citizen  in  health  and  disease.  How  few  of  the 
citizens  know  much  about  the  city  outside  their  own  personal 
environment,  such  as  the  classic  Molendinar,  the  old  haunts  and 
life  of  the  makers  of  the  city,  the  development  of  the  Clyde  and 
and  its  industries,  the  locale  of  existing  trades,  and  the  condi- 
tions under  which  our  world-wide  commerce  is  carried  on!  In 
proof  of  how  little  in  this  direction  has  yet  been  done,  who  could, 
from  a  walk  through  the  Kelvinjgrove  Museum,  guess  the  part 
played  by  Glasgow  in  opening  up  trade  in  South-eastern  Africa, 
in  the  Plate  valley,  or  in  Burmah  ?  Such  a  handbook  as  I  have 
indicated  ought  to  be  familiar  to  all  our  children,  for  the  town' 
ought  to  be  the  source  and  centre  of  the  townsman's  mental  de- 
velopment. Lastly,  the  council  of  this  society  might  perhaps 
seriously  consider  the  propriety  of  taking  steps  to  form  a  com- 
mission or  committee  representative  of  the  schools,  the  scientific 
societies,  and  the  manufacturing  and  commercial  organisations, 
that  should  co-operate  with  the  Corporation  in  utilising  and  ex- 
tending the  resources  of  the  city,  so  as  to  bring  the  rising  genera- 
tion into  the  closest  contact  with  the  realities,  and  not  the  mere 
text-books,  of  instruction. 

In  conclusion,  there  is  no  doubt  that  the  atmosphere  of  objective 
or  realistic  teaching  is  around  us.  Science  for  the  young  has  been 
tried  as  the  ordinary  work  of  book  instruction,  and  the  result  can 
hardly  be  considered  gratifying.  For  these  and  other  reasons  the 
present  time  is  exceptionally  favourable  for  considering  such  a 
development  of  the  means  of  instruction  as  I  have  sketched.  The 
Corporation,  as  the  true  custodier  of  the  interests  of  the  local 
body  politic,  is  naturally  suited  to  take  it  in  hand.  Glasgow  is, 
besides,  specially  well  fitted  for  the  development  of  such  a  scheme, 
for  it  controls  the  Kelvingrove  Museum,  the  Galleries,  Parks,  and 
Botanic  Gardens.  We  are  inclined  to  grudge  Edinburgh  the 
imperial  sums  spent  upon  her,  but  the  situation  is  not  without  its 
compensations,  and  among  these,  not  the  least,  that  we  have  local 
control  of  such  magnificent  institutions  for  the  diffusion  of  public 
instruction — a  species  of  Home  Rule  that  appeals  to  politicians  of 
every  shada 
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VIII. — On  the  Training  of  Architectural  Students,     By  Francis 
H.  Newbery,  Head  Master,  Glasgow  School  of  Art 


[Read  before  the  Architectural  Section,  28th  November,  1887.  ] 


"  Drawing  may  be  taught  by  tutors,  but  design  only  by  Heaven." 
So  says  John  Buskin,  a  writer  whose  thoughts  I  shall  have 
occasion  more  than  once  to  call  to  my  assistance ;  but,  like  other 
phrases  coined  by  that  apborist  in  art,  the  sophistry  of  its 
meaning  separates  human  execution  too  widely  from  human 
ambition — what  we  do  from  what  we  desire;  and  I  would  sug- 
gest that  the  sentence  would  read  much  better  if  it  had,  in 
addition,  the  wholesome  and  cheering  proverb,  "  Heaven  helps 
th^m  that  help  themselves."  Genius  or  inspiration,  when  its 
existence  is  proved  as  belonging  to  any  one  man  or  work,  may 
or  may  not  be  a  Heaven-sent  gift;  but,  believe  me,  study  and 
practice  go  much  further  than  is  commonly  supposed  towards 
developing  the  latent  powers  of  a  man,  else  would  genius  knock 
in  vain  for  admission,  or,  if  the  door  be  opened,  be  greeted  as  a 
stranger. 

How  best,  then,  to  cultivate  the  powers  that  belong  to  any 
ordinarily-endowed  architectural  student,  so  that  he  may,  if  not 
excel  his  fellows,  take  at  least  a  position  which  may  have  the 
credit  of  a  respectable  mediocrity,  and,  leaving  genius  out  of  the 
question,  educate  him  so  that  he  may  know  what  he  has  to  do 
and  do  it^  is  my  object  to  show. 

There  comes  a  point  in  the  education  of  every  earnest  man 
when  teaching,  as  such,  becomes  practically  useless,  and  guidance 
even  may  be  at  fault.  Up  to  that  point  I  would  go,  and,  patent 
to  the  subject  of  this  paper,  would  venture  to  indicate  how,  to  me, 
the  artist  in  the  architect  may  be  developed,  leaving  to  others 
the  task  of  dealing  with  the  technical  workman  and  knowledge  of 
an  architect's  business. 

This  division  I  make  empirical.  Architecture  is  a  fine  art 
whose  appeal  to  ourselves  is  made  through  the  medium  of 
building.     '^  To  build  is,  by  common  understanding,  to  put  together 
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and  adjast  the  several  pieces  of  any  edifice  or  receptacle  of  a 
considerable  size,  and  building  does  not  become  architecture 
merely  by  the  stability  of  what  it  erects.  Architecture  is  the 
art  which  so  disposes  and  adorns  the  edifices  raised  by  man,  for 
whatsoever  uses,  that  the  sight  of  them  contributes  to  his  mental 
health,  power,  and  pleasure/'  Buskin  here  makes  a  sharp 
division  between  building,  as  such,  and  architecture,  which  may 
be  co-existent  with  it,  and  adds  a  corollary,  if,  as  goes  in  the 
saying,  the  architect  be  the  artist,  then  in  common  with  him  he 
is  divisible  so  to  speak  into  two  men — the  designer  whose  brain 
conceives  and  the  workman  whose  hands  execute.  With  the 
first  man  we  have  to  do. 

Now,  let  us  take  the  education  usually  afforded  to  an  archi- 
tectural student  outside  the  educative  influence  of  his  master's 
office.  (1-)  -^  course  of  building  construction  of  the  book  order, 
generally  and  chiefly  given  less  with  a  view  to  the  cultivation 
of  a  knowledge  in  the  student  than  with  the  object  of  filling  him 
with  a  superficiality  which  shall  enable  him  to  pass  certain 
examinations.  In  it  he  digs  foundations  with  imaginary  spades 
to  unknown  depths,  piles  ethereal  brick  on  brick  till  his 
shadowy  walls  eclipse  Babel's  fabled  height,  covers  this  with  a 
roof  as  vague  as  the  empyrean  blue,  and  having  completed  an 
edifice  whose  inhabitants  would  find  their  chief  safety  to  lie  in 
the  living  outside  rather  than  inside  its  sheltering  walls,  the 
student  sits  down  wonderstruck  with  the  result  of  his  eflbi-ts  and 
in  the  possession  of — a  certificate. 

He  is  then  in  a  position  to  pass  on  to  (2)  a  study  of  the 
orders,  likewise  learnt  from  paper.  By  these  means  he  gathers 
the  information  that  the  Greeks  were  eminently  a  mathematical 
race  ;  that  their  edifices  were  composed  chiefly  of  compasses  and 
set  squares ;  that  they  put  2  on  3  and  6  became  a  thing  of  un- 
utterable beauty ;  and  the  Parthenon,  which  he  may  perchance  be 
dogmatically  informed  was  a  temple  of  exquisite  proportions, 
appeals  to  him  as  a  huge  arithmetical  sum  whose  decorations  con- 
sisted chiefly  of  entablatures,  modules,  triglyphs,  and  diameters. 
He  next  passes  on  to  the  third  and  final  stage,  whereby  his 
education  is  to  be  thoroughly  completed — namely,  design.  This 
is  too  vast  a  field  of  opportunities  to  him,  for  me  to  safely  follow. 
It  usually  commences  with  a  cathedral  and  ends  with  his  waking 
up  to  the  stern  reality  of  every-day  requirements 

This  description  may  be  an  exaggeration  of  the  real  faults, 
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but  the  recognition  of  faults  is  half  their  amendment^  and  it  will 
well  serve  its  purpose  if  it  show  the  fallacy  of  such  a  system  of 
paper  instruction.  You  will  notice  that  in  it  nowhere  is  the 
artist  considered.  The  workman  everywhere  predominates. 
Not  an  appeal  to  the  principles  of  the  past  varies  its  monotony, 
or  a  ray  of  light  from  the  spirit  of  the  great  works,  which  still 
cover  our  earth  enlightens  its  darkness. 

That  an  architect  must  learn  construction  must  be  conceded 
at  the  very  issue,  but  whilst  learning  in  the  present  how  to  con- 
struct a  house  for  the  future,  he  need  not  neglect  the  study  of 
how  buildings  were  constructed  in  the  past;  and  the  same  treat- 
ment of  his  subject  applies  to  every  phase  of  his  studies.  The 
letter  of  the  Greek  must  be  obeyed  before  one  can  catch  a  breath 
of  the  spirit  which  animates  a  classic  building,  and  the  design 
which  is  to  be  must  be  developed  from  a  knowledge  and  accepta- 
tion of  what  already  exists.  But  this  brings  the  student  at 
once  into  a  clearer  light  and  into  a  field  as  vast  as  the  world  is 
old,  a  light  which  enables  him  to  read  and  compaire  the  lessons 
which  past  experience,  as  manifested  in  architectural  structures, 
in  ever  inculcating,  and  a  field  which  stirs  the  creative  faculty  in 
him  to  emulate,  before  endeavouring  to  surpass,  that  which  the 
efforts  of  dead  minds  have  created. 

An  art  student  should  learn  his  lines  by  analogy,  not  by 
imagination,  his  proportions  not  by  creation  but  by  comparison, 
and  his  masses  not  by  indication  but  by  imitation,  and  he  should 
become  the  artist  not  in  spite  of,  but  because  of  his  education. 
Let  the  architectural  student  do  the  same  and  a  like  result  should 
follow. 

This  last  paragraph  gives  the  three  heads  into  which  I  woidd 
divide  the  education  of  the  architect,  namely.  Line,  Proportion, 
and  Mass.  I  should  state,  however,  that,  for  my  own  part,  I  fail 
to  see  the  slightest  reason  why  he  should  be  treated  differently 
from  an  ordinary  art  student;  but  as  it  is  felt  that  he  should 
always  work  in  close  alliance  with  his  subject,  I  will  accept  such 
a  view,  if  for  no  other  reason  than  to  prove  that  the  artist  can  be 
got  out  of  him  as  well  by  these  as  by  any  other  means. 

Coming,  therefore,  to 

Line, 
visions  of  plans,  elevations,  sections,  enlarged  details,  perspec- 
tives, &c.,  rise  to  view.    Banish  them  at  once.    Their  lines  represent 
no  more  the  ideas  of  an  architect  than  do  the  words  of  a  language 
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the  thoughts  of  a  poet.  The  lines  I  allude  to  lie  in  other  places 
and  on  higher  levels,  and  are  not  of  necessity  made  by  a  pen.  A 
certain  chimney  stalk  of  this  city,  we  are  informed,  rises  into  the 
air  as  high  as  the  spire  of  Strasburg  Cathedral ;  yet  who  would 
turn  for  an  instant  from  the  contemplation  of  the  living  lines  of 
that  or  any  other  cathedral  spire  to  look  upon  the  ruled  contour 
of  the  highest  chimney  stalk  the  world  possesses.  The  elliptical 
lines  of  the  Parthenon  fascinate  us  by  their  appeal  to  our  sense 
of  the  beautiful,  equally  as  the  lines  of  a  railway  bridge  over  a 
river  repel  us  by  their  incarnation  of  the  ugly.  Yet  both  are 
lines,  and,  to  come  to  details,  the  segmental  curve  of  a  Roman 
moulding  can  never  satisfy  us  as  does  the  freehand  sweep  of  a 
Greek  ovolo  or  the  flying  line  of  a  Gothic  buttress. 

How,  then,  is  our  student  to  obtain  the  power  of  drawing  a 
line,  and  to  cultivate  the  sense  of  beauty  in  line  ?  Why,  I  should 
say,  by  not — ^as  is  usually  the  case — beginning  at  the  wrong  end, 
and  accepting  results  without  due  regard  to  means.  Let  us  take 
our  student  powerless  to  draw  anything  or  to  express  a  single  idea 
by  means  of  his  pencil.  What  should  he  do  first  ?  Certainly  not 
draw  lines  by  means  of  a  T  square,  nor  obtain  their  measurements 
by  the  use  of  compasses.  I  know  I  strike  here  at  the  root  of  the 
system  usually  followed.  But  the  architectural  student  has  this 
in  common  with  all  other  art  students,  namely,  that  his  education, 
like  theirs,  should  be  of  a  kind  that  should  develop  two  great  innate 
qualities,  namely,  the  power  of  the  hand  to  draw  a  line,  and  the 
power  of  the  eye  to  rightly  compare  or  apportion  its  length.  And 
yet  he  has  to  do  this  by  drawing  a  line  parallel  to  another  line 
and  by  blinding  his  eyes  with  a  foot  rule !  He  is  drawing  plans 
and  elevations — surely  a  part  of  his  education  ?  Granted;  but  we 
see  objects  seldom  either  in  plan  or  elevation,  but  always  as  facts 
in  perspective  ;  rarely  do  we  conventionally  see  them,  but  always 
naturally. 

Take  a  common  example,  namely,  a  drawing  in  elevation  of  three 
or  four  flooring  boards,  supported  on  a  joist  as  usually  found  in  works 
on  Building  Construction.  Now,  you  must  have  a  design  of  this 
nature,  to  make  what  is  called  a  working  drawing;  but  as  we  do 
not,  as  a  rule,  exist  with  our  heads  wedged  in  between  the  joists  of 
a  floor,  but  with  our  feet  standing  upon  the  floor,  it  occurs  to  me 
that  our  student  would  receive  a  far  more  valuable  accession  of 
knowledge  were  he  taught  first  to  realise  things  as  they  are  and  as 
they  really  exist,  rather  than  as  they  appear  in  the  conventional 
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rendering  of  a  workman's  drawing.  Let  him  therefore  be  taught 
to  draw  flooring  boards  as  he  sees  them  when  walking  across  them 
every  day,  and  then  analyse  their  technical  construction  after- 
wards. But  this  entails  a  knowledge  of  perspective.  Certainly. 
Why  noti  To  realise  facts  and  not  experiences  should  ever  be  the 
aim  of  all  ait  education,  and  a  student  should  learn  what  is  re- 
quired of  him  by  a  necessity  which  is  ever  the  mother  of  invention. 

It  were  needless  for  me  to  multiply  examples  of  this  nature. 
They  occur  in  a  house,  from  the  sleeper  walls  to  the  ridge-piece, 
from  the  footing  to  the  chimney-pot,  and  I  would  submit  that  even 
only  for  the  mere  exigencies  of  time  the  student  should  rather  be 
taught  to  make  a  freehand  drawing  which  should  realise  this  object, 
than  a  plan  and  elevation,  which  should  give  its  mathematical 
measurements. 

Let  us  then  return  to  our  student,  whom  we  have  left  anxiously 
awaiting  his  fate  at  our  hands,  and  tell  him  to  put  aside  his  com- 
passes and  T-square  and  learn  how  to  ditiw,  or,  put  more  practically, 
to  learn  how  to  realise  the  facts  of  the  appearance  of  any  object 
placed  before  him,  but  in  so  doing  never  to  forget  that  he  is  to  be 
artist  in  the  architect.  No  royal  road  lies  here.  He  may  be  a 
Michael  Angelo  in  embryo,  for  power  of  design,  or  a  Palladio  in 
similarity  of  adaptation,  but,  like  them,  he  must  learn  that  before 
he  can  design  a  dome  he  must  be  able  to  draw  a  dome,  or  to  rightly 
impose  an  order,  must  train  his  eve  to  see  the  ordered  beauties  of 
proportion  in  an  order. 

It  seems  to  me  to  matter  little  at  first  what  the  student  is  set 
to  draw,  but  as  in  my  premises  I  granted  that  he  may  be  confined 
to  his  subject,  let  him  draw  from  good  examples  of  architectural 
ornament  and  work,  common  enough  in  all  well-equipped  schools 
or  classes.  Taking  classic  details  at  first,  whose  beauty,  as  that  of 
all  good  work,  consists  in  their  simplicity,  and  passing  on  from 
these  to  Gothic  where  fancy  broke  through  ordered  rules  and  left 
the  architect  with  a  freer  if  not  so  learned  a  pencil,  I  would 
have  him  draw  with  pencil,  pen,  and  sepia,  from  fillet  to  temple 
and  from  Gothic  leaf  to  cathedral,  not  as  studies  merely  to  enable 
him  to  have  a  command  over  his  pencil,  but,  under  instruction, 
seeking  out  and  comparing  their  hidden  beauties  and  subtle 
boundaries,  till  he  realise  what  is  meant  by  the  power  of  a  line 
which  is  neither  crooked  nor  straight,  arched  nor  horizontal,  and 
the  beauty  of  a  proportion  untrammelled  by  rules  and  yet  capable 
of  the  highest  mathematical  exactness.    This  may  sound  impractical. 
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and  the  question  may  be  asked — Is  the  period  which  a  student  can 
devote  to  his  education  long  enough  for  all  this?  I  reply,  yes;  for 
all  this  and  much  more,  for  I  am  training  my  man;  he  will  educate 
himself.  All  this  need  not  be  done  at  school  or  during  any  so- 
called  period  of  education.  To  cultivate  his  powers  of  perception 
and  selection,  to  heighten  his  sense  of  beauty,  and  to  make  him 
work,  is  all  I  want.  The  rest  can  safely  be  left  to  take  care  of 
itself  He  will  find  out  sooner  or  later  by  these  means  wherein 
his  chief  powers  lie,  and  if  his  education  end  with  his  life,  it 
will  be  because  he  realises  its  necessity.  I  would  have  no  rule, 
or  set  of  rules,  even  if  such  were  possible,  to  make  the  student 
an  architect,  ^'  but  arouse  his  sympathy  and  stir  up  his  imagination, 
and  he  may  after  that  be  neither  feeble  in  life  nor  forgotten  in 
death."  So  says  John  Kuskin,  helping  heaven  to  realise  the 
architect  in  the  man.  Of  one  thing  we  may  be  quite  certain,  that 
this  proposed  course  of  education  will  have  made  the  student  able 
to  draw,  and  that  being  done,  a  part  of  the  battle  is  won,  and 
we  shall  have  realised  the  first  half  of  Mr.  Ruskin's  aphorism, 
"  Drawing  may  be  taught  by  tutors."  We  will  try  whether  we 
cannot  meet  heaven  half  way  on  the  second  part. 

Now,  you  can  arm  a  soldier,  but  you  cannot  make  him  fight. 
Tou  can,  however,  show  him  how;  and  the  providing  him  with 
arms  is  an  absolutely  indispensable  part  of  this  latter  proceeding. 
An  architect  unable  to  draw,  not  with  mathematical  instruments, 
which  I  do  not  consider  the  true  architect's  properties,  but  with 
a  pencil,  is  like  a  soldier  starting  to  battle  without  the  previous 
provision  of  offensive  and  defensive  armour.  Both  are  useless  for 
real  work. 

I  stated  in  my  opening  sentences  that  "  there  comes  a  point  in 
the  education  of  every  earnest  man  when  teaching,  as  such, 
becomes  practically  useless.''  Naturally,  I  do  not  consider  that 
point  to  be  reached  when  a  student  has  been  taught  simply  how 
to  draw.  Instead,  however,  of  walking  before  our  student,  our 
proper  place  is  now  at  his  side,  I  think,  and  having  made  sure  of 
his  hand  and  eye  let  us  turn  our  attention  to  the  training  of  his 
ideas;  and  this  brings  us  naturally  to  the  second  of  the  three 
divisions  I  have  employed,  namely: — 

Proportion. 
I   should   vastly   have   preferred   that  the  student   gained    his 
first  rudiments  of  knowledge  in  this  illimitable  field  by  a  study 
of  the  figure  alone,  but  I  choose  rather  to  come  point  blank 
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to  his  sabject,  and  put  him.  through  a  course  of  what  is  gene- 
rically  known  as  the  orders,  and  make  him  study  the  figure  at 
the  same  time.  This  I  do,  for  in  Egyptian  architecture  the  canon 
of  proportion  was  based  upon  that  of  a  conventional  figure ;  in 
Greek  we  never  can  rightly  dissociate  Greek  architecture  from 
Greek  sculpture ;  and  only  in  Gothic  do  we  have  the  proportions 
of  architecture  disconnected  from  a  consideration  of  the  human 
figure. 

How,  then,  should  proportion,  under  the  generic  term  of  the 
orders,  be  taught )  Let  us  first  find  out  how  they  are  taught^  and 
thus  proceed  from  facts  as  they  are  usually  received,  and  if  the 
result  be  wrong,  set  ourselves  to  find  out  a  remedy.  The  student 
usually  commences  with  copying  an  extremely  bad  example  of  the 
Doric  order  from  a  flat  copy;  for  be  it  here  noted  there  does  not 
exist  to  my  knowledge  any  set  of  drawings  outside  books  on  the 
subject,  that  can  fitly  be  said  to  be  good  representations  of  the 
orders.  The  drawing  in  question  displays  the  Doric  order  dis- 
sociated from  its  place  in  the  building,  generally  without  the 
entablature,  and  represented  as  a  couple  of  converging  lines  cut 
off  at  the  top  and  bottom  by  horizontal  lines,  and  possessing,  as  a 
rule,  the  added  wrong  and  dishonour  of  having  the  middle  part  of 
the  shaft  bodily  removed  just  where  the  entasis  commences. 

This  maimed  and  disfigured  picture  he  sets  to  work  upon  with 
compasses  and  T  square,  and,  having  made  a  copy  of  it,  is  sup- 
posed to  have  a  knowledge  of  the  Doric  order.  By  equally  easy 
treatments  the  Ionic  and  the  Corinthian  are  added  to  his  store 
with  an  equal  accession  of  nonsense  in  the  place  of  knowledge, 
and  the  student  ends  his  course  of  the  ordei^  with  a  head  full  of 
disorders.  He  may  possibly  learn  when  treating  these  classic 
specimens  in  the  manner  just  mentioned  that  the  Doric  was  the 
finished  excellence  of  Greek  architecture  or  some  other  equally 
vague  and  misleading  statement.  That  if  this  be  the  finish,  where 
was  the  beginning,  seems  rarely  to  occur  to  him.  It  would  seem 
to  be  tacitly  assumed  that  Greece  was  one  day  without  the  Doric 
order,  and  the  sun  rose  over  that  country  the  next  to  find  it  em- 
bellished with,  and  in  full  possession  of,  that  surpassingly  excellent 
specimen  of  human  thought,  execution,  and  taste.  Now,  this  is 
not  training  the  student,  but  trading  on  his  gullibility.  Does  it 
ever  occur  to  him  that  architecture  was  once  without  even  the  use 
of  column;  that  roughly  hewn  and  without  any  shapely  quality  at 
first,  it  became  moulded  upon  by  the  thoughts  of  succeeding  ages. 
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and  shaped  by  the  hands  of  generations  of  workmen,  growing  in 
beauty  of  contour,  and  in  exquisiteness  of  proportion  at  each  suc- 
cessive stage  of  development,  until  the  snowy  whiteness  of  the 
Parthenon  displayed  its  subtle  proportions  and  incomparable  work- 
manship to  a  world  which  wonders  yet  only  to  lose,  in  the  vast 
majority  of  cases,  the  principles  there  worked  out  in  the  beauty 
of  the  outcome  ? 

I  quote  from  Womum  a  similar  analogy  in  respect  of  our  use 
of  the  Greek  honeysuckle : — "  The  ornament  is  simple  and  beautiful, 
but  modem  imitators  overlooking  its  principles  have  compre- 
hended only  the  detail,  assumed  it  to  be  an  imitation,  and  have 
called  it  the  honeysuckle  ornament.  Instead  therefore  of  grasp- 
ing the  source  of  a  thousand  ornaments  equally  beautiful  they 
have  acquired  but  one,  and  half  the  classic  buildings  of  modern 
times  are  covered  with  honeysuckles;  bringing  the  whole  art  of 
Greece  into  disgrace  for  its  monotony  and  formality,  while  there  is 
scarcely  a  weed  in  England  that  might  not  with  equal  skill  have 
been  substituted  for  the  honeysuckle  with  perhaps  equal  effect" 

So  is  it  with  the  orders.  Recur  to  first  principles  logically, 
work  them  out,  and  a  personal  share  in  the  glory  of  the  result  is 
ours.  Instead  of  that  our  student  grasps  the  ends,  and  loses  sight 
of  the  means  which  brought  them  about.  The  work  of  the 
orders  was  not  thus  accomplished  by  the  original  designers. 
Genius  must  ever  precede  rules,  not  follow  upon  them.  When 
a  Greek  would  design,  he  piled  mass  upon  mass,  added  line  to 
line,  cut  contour  from  contour,  touched  necessity  with  the  golden 
finger  of  invention,  and  left  the  result  for  other  and  later 
generations  to  come  with  note-book  and  foot-rule  and  mathe- 
matically demonstrate  how  it  was  all  accomplished.  The  Greek 
as  an  artist  perished,  leaving  behind  him  the  monuments  of  his 
skill  and  genius,  and  the  revival  of  a  love  of  classic  forms  in  the 
middle  ages  brought  with  it  a  host  of  workers  in  the  note-book 
and  foot-rule,  who  measured  up  and  gravely  calculated  and  came 
to  the  result  that  thus  and  thus  the  Greek  did,  and  lo !  the  out- 
coma 

Far  be  it  from  me  to  deprecate  in  the  slightest  the  work  of 
those  glorious  architects,  foremost  among  whom  comes  the 
honoured  name  of  Vitruvius,  and  later  Palladio,  whose  efforts 
and  learned  treatises  have  made  classic  architecture  our  most 
precious  heirloom,  and  whose  exertions  have  made  it  possible  for 
us  here  in  the  frozen  North  to  realise  by  our  productions  the  full 
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beauty  of  the  ancient  temples  and  edifices  whose  ruins  yet  stud 
the  sunny  land  of  Greece,  although  our  eyes  may  never  have 
gazed  upon  the  oiiginals.  To  them  we  here  in  Glasgow  owe  the 
fuel  which  fired  the  genius  of  a  Thomson;  but  were  he  still  in  our 
midst,  he,  I  think,  would  be  the  first  to  confess,  that  it  was  by  no 
empty  copying  of  dead  details,  but  by  a  union  of  his  thought 
with  the  thought  of  the  Greek  that  his  work  was  accomplished. 
And  yet  these  details  must  be  copied,  but  ever  with  the  im- 
pression that  the  whole  which  is  created  by  a  synthesis  of  these 
details  must  ever  be  greater  than  the  parts  which  analytically 
make  up  that  whole,  and  that  as  all  objects  in  Nature  live  be- 
cause they  obey  great  laws,  so  Greek  arcMtecture  will  last  as  long 
as  the  world,  because  of  its  fulfilment  of  the  laws  and  principles 
of  beauty. 

This  must  be  granted,  and  giving  our  student  a  note-book,  I 
should  at  once  start  him  to  draw  buildings.  I  would,  however, 
provide  him  with  a  tape  and  foot  rule  afterwards — not  while  he 
is  executing  his  drawing;  and  here  comes  in  the  good  of  his 
parallel  and  coincident  course  of  figure  drawing.  For  I  would 
make  it  a  rigid  rule  that  the  student  drew  first  and  measured 
afterwards,  and  in  this  to  follow  in  a  building  the  same  course  of 
treatment  he  would  adopt  in  drawing  an  antique  figure.  Who 
dreams  of  appraising  the  proportions  of  a  figure  with  anything 
but  the  power  of  the  eye]  And  if  so,  why  cannot  a  building  be 
treated  in  the  same  manner?  Because,  it  may  be  retorted,  how 
can  you  obtain  proper  plans  and  elevations  unless  you  measure 
each  part  accurately?  Or  how  can  you  instil  the  power  of 
mathematical  exactness  into  a  man  who  never  uses  the  means? 
It  is  the  last  thing  I  would  care  to  do.  Should  he  desire,  after 
having  made  a  coiTect  drawing,  to  verify  it,  and  to  test  it,  and  to 
set  it  down  as  an  architectural  production,  because  such  is  usually 
required,  his  doing  so  does  not  affect  my  position;  for  should  he 
find  the  two  drawings  do  not  agree,  it  is  less  because  he  finds  his 
measurements  right,  than  that  his  drawing  was  wrong,  and  a 
weakness  in  his  work  found  out.  Did  not  the  beauty  of  the 
Doric  or  Corinthian  orders  exist  before  it  was  found  out  that  these 
shafts  consisted  in  the  perpendicular  aggregation  of  a  certain 
number  of  diameters?  And  do  the  exquisite  proportions  of  a 
Greek  antique  appeal  to  us  with  an  added  meaning  because  we 
are  told  it  is  seven  and  a-half  heads  high?  But  let  us  drive  the 
matter  straight  home.     An  architect  designing  the  proportions  of 
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an  edifice  to  be  constructed,  draws  and  re-draws  until  such  pro- 
portions please  his  eye  and  satisfy  its  demands.  It  is  the  work 
of  his  assistant  to  convert  this  artistic  production  into  the 
mechanical  necessities  of  a  trade  drawing,  and  all  I  would  ask  is 
that  our  student  finding  out,  instead  of  creating,  proportions  do 
adopt  a  similar  course  of  treatment. 

1  need  not  detail  further.  Having  pointed  out  how  I  think 
proportion  can  best  be  learnt,  it  matters  not  whether  the  student 
copies  the  orders  in  this  manner  from  some  good  book,  or  elects 
rather  to  do  them  from  buildings  where  their  proportions  have 
been  adequately  realised;  or,  better  still,  leaves  them  alone  till  a 
later  period.  Draw  first,  and  measure  afterwards.  I  state  the 
principle,  and  he  should  again  attack  a  fillet  or  a  temple,  a 
Crothic  leaf  or  a  cathedral,  with  similar  equanimity,  for,  be  it 
remembered,  that  the  proportions  of  an  object,  be  it  a  crocket  on 
a  spire,  or  a  majestic  cathedral,  are  best  realised  when,  with 
e very-day  surroundings,  they  take  their  places  in  our  common 
life  and  associations.  The  education  of  our  student  can  never  be 
complete  without  a  course  of  figure-drawing  from  the  antique  and 
life,  with  its  accompanying  studies,  anatomy,  drapery,  and  figure 
composition.  He  will  design  best  the  proportions  of  what  is 
lived  in  who  best  realises  the  form  and  proportions  of  him  who 
inhabits,  namely,  man,  the  highest  and  most  finished  work  of  the 
great  Architect. 

The  application  of  such  knowledge  leads  to  figure  composition,  and, 
by  its  aid,  the  lines  of  the  stiffiy-posed  Minerva  in  the  centre  of  a 
Greek  pediment  may  to  him  equally  have  a  meaning  with  the  curved 
lines  of  the  dying  Greek  and  Trojan  soldiers  in  the  angles;  and  the 
headless  Ilyssus  or  Belvidere  Torso,  or  the  fragmentary  Theseus, 
all  appeal  to  him  as  an  embodiment  of  utility  for  architectural 
needs,  combined  with  a  beauty  which  excels  those  needs.  Take, 
again,  drapery.  What  study  could  be  more  beneficial  to  the 
student  than  this  is  for  realising  the  power  and  beauty  of  line, 
whether  as  the  exponent  of  past  and  present  action  of  the  figure 
which  it  clothes,  as  in  Greek  art  where  motion  was  sought  to  be 
illustrated,  or  as  in  Christian  sculpture,  where,  copied  from  the 
thick  and  coarse  stufis  of  the  monkish  dresses,  hanging  plumb  down 
and  sweeping  the  ground  heavily,  it  became  the  exponent  of  a 
gravity  and  repose  which,  physical  in  its  treatment,  had  yet  a 
spirituality  in  its  meaning.  All  these  studies  have,  in  architecture, 
a  mistress.     To  her  the  Greek  gave  the  whole  intellectuality  of 
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which  he  was  capable,  and  for  her  the  Christian  wrought  out  and 
put  into  stone  his  highest  symbolism  ]  and  a  single  glance  at  the 
figures  as  usually  carved  for,  and  applied  to,  our  buildings  to-day 
must  convince  us  that  not  in  vain  will  our  student  have  learnt  the 
use  and  abuse  of  sculpture  in  architecture. 

Line  plus  proportion  gives 

Mass, 
the  last  of  the  three  divisions  I  made,  and  I  cannot  do  better  than 
preface  the  treatment  of  this,  the  greatest  of  the  three  studies,  by 
a  quotation  from  the  "  Lamp  of  Power,"  one  of  the  seven  lamps  of 
architecture  as  figuratively  employed  by  Mr.  Ruskin  in  his  book 
under  that  name: — "And  among  the  first  habits  that  a  young 
architect  should  learn  is  that  of  thinking  in  shadow,  not  looking 
at  a  design  in  its  miserable  liny  skeleton,  but  conceiving  it  as  it 
will  be  when  the  dawn  lights  it  and  the  dusk  leaves  it;  when  its 
stones  will  be  hot  and  its  crannies  cool;  when  lizards  will  bask- in 
the  one  and  the  birds  build  in  the  other.  Let  him  design  with 
the  sense  of  cold  and  heat  upon  him;  let  him  cut  out  the  shadows 
as  men  dig  wells  in  unwatered  plains;  and  lead  along  the  lights 
as  a  founder  does  his  hot  metal;  let  him  keep  full  command  of 
both  and  see  that  he  knows  how  they  fall  and  where  they  fade. 
His  paper  lines  and  proportions  are  of  no  value;  all  he  has  to  do 
must  be  done  by  spaces  of  light  and  darkness,  and  his  business  is 
to  see  that  the  one  is  broad  and  bold  enough  not  to  be  swallowed 
up  by  twilight,  and  the  other  deep  enough  not  to  be  dried  like  a 
shallow  pool  by  the  noon-day  sun." 

Now,  an  architect  in  his  design  has  this  to  consider,  more  than 
any  other  class  of  designers,  that  he  has  to  deal  with  lebgth, 
breadth,  and  depth.  A  painter's  information,  while  it  should 
embrace  an  abstruse  knowledge  of  the  four  sides  of  a  human 
figure,  with  all  their  various  positions  and  foreshortenings,  can 
but  express  itself  by  a  display  of  usually  not  more  than  two  sides 
of  the  figure  he  is  designing,  while  the  building  by  an  architect 
has  to  present  itself  four-square  to  all  the  winds  of  heaven.  The 
closest  analogy  to  his  study  of  a  building  is  met  with  in  that  of  a 
sculptor^s  modelling  of  a  figure,  and  this  power  of  grasping  mass 
can  best  be  obtained  by  doing  as  does  the  sculptor,  namely,  by 
going  through  a  course  of  modelling,  and  by  these  means  to 
absolutely  create  a  light  and  shade  which  may  be  all  his  own,  as 
opposed  to  the  imitation  of  a  light  and  shade  obtained  by  the 
execution  of  a  drawing  on  a  flat  surface. 
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Architecture  in  this  respect  may  roughly  be  divided  into  two 
sections,  one  in  which  the  forms  arc  drawn  with  light  upon 
darkness,  as  in  Greek  sculpture  and  pillars,  and  the  other  in  which 
they  are  drawn  with  darkness  upon  light,  as  in  early  Gothic 
foliation.  This  phase  of  an  architect's  education  was,  I  remember, 
strongly  insisted  upon  by  Mr.  J.  P.  Seddon  in  the  criticism  of 
some  modelled  designs  submitted  to  him  by  a  class  of  students  in 
architecture,  at  the  Lambeth  Technical  School.  The  subject  was 
an  Italian  doorhead.  After  emphasising  the  need  in  architectural 
students  in  grasping  the  solidity,  and  not  the  superficiality  of  any 
subject,  they  may  be  set  to  design,  he  pointed  out  that  the  picture 
of  the  result  should  ever  accompany  the  progress.  And  this 
should  be  so.  Students  should  be  taught  to  imagine  a  building 
not  as  bathed  in  the  artificial  light  of  an  architectural  sun  which 
always  casts  its  rays  in  angles  of  45"  from  over  the  left  shoulder, 
but  to  imagine  their  buildings  as  they  are  travelled  across  by  the 
sun,  and  as  having  its  own  will  upon  their  productions,  and  then 
to  look  at  them  again  with  the  sun  gone,  and  the  skies  grey  and 
cold,  and  the  rain  pelting,  or  the  snow  falling,  or  the  fog  enwrap- 
ping their  members,  and  to  have  pleasure  in  any  of  these  imaginary 
aspects.  *'  Architecture  is  the  art  which  so  disposes  and  adorns  the 
edifices  raised  by  man  for  whatsoever  uses  that  the  sight  of  them 
contributes  to  his  mental  health,  power,  and  pleasure."  So  says 
Mr.  Ruskin  again,  who,  I  believe,  does  not  usually  take  either 
health,  power,  or  pleasure,  mental  or  otherwise,  in  walking  the 
streets  of  any  of  our  large  cities,  when  the  rain  is  falling,  or  the 
fog  is  descending.  Venice,  in  the  sun,  is  his  ideal,  the  heaven  of  a 
light  and  shade  which  architects  strive  after,  but  are  dogmatically 
told  they  may  not  attain  to.  Still,  the  attempt  is  worth  the 
making,  although  we  are  positively  assured  by  that  author,  if  his 
dictum  carry  any  weight,  that  the  dead  past  burdens  too  heavily 
the  young  giant  of  the  present  for  us  ever  to  hope  to  cast  him  ofl: 
He  may  be  likenessed  as  sitting  in  the  tree  bearing  the  golden 
fruit  that  approaches  and  recedes  from  the  lips  of  Tantalus. 

Here  are  some  of  his  sentiments  on  Mass : — "  What  a  contrast 
between  the  pitiful  little  pigeon-holes  which  stand  for  doors  in  the 
east  front  of  Salisbury,  looking  like  entrances  to  a  beehive  or  a 
wasp's  nest,  and  the  soaring  arches  and  kingly  crowning  of  the 
gates  of  Abbeville,  Eouen,  or  Kheims,  or  the  rock-hewn  piers  of 
Cbartres,  or  the  dark  and  vaulted  porches  and  writhed  pillars  of 
Verona.     Of  domestic  architecture  what  need  is  there  to  speak  ? 
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How  small,  how  cramped,  how  poor,  how  miserable  in  its  petty 
neatness  is  our  best ;  how  beneath  the  mark  of  attack,  and  the 
level  of  contempt,  that  which  is  common  with  us.  What  a  strange 
sense  of  formalised  deformity,  of  shrivelled  precision,  of  starved 
accuracy,  of  minute  misanthropy  have  we,  as  we  leave  even  the 
rude  streets  of  Picardy  for  the  market  towns  of  Kenii.  Until  that 
street  architecture  of  ours  is  bettered,  until  we  give  it  some  size 
and  boldness,  until  we  give  our  windows  recess  and  our  walls 
thickness,  I  know  not  how  we  can  blame  our  architects  for  their 
feebleness  in  more  important  work ;  their  eyes  are  inured  to 
narrowness  and  slightness.  Can  we  expect  them  at  a  word  to 
conceive  and  deal  with  breadth  and  solidity?  They  ought  not 
to  live  in  our  cities :  there  is  that  in  their  miserable  walLs  which 
bricks  up  to  death  man's  imagination  as  surely  as  ever  perished 
forsworn  nun.  An  architect  should  live  as  little  in  cities  as  a 
painter.  Send  him  to  our  hills,  and  let  him  study  there  what 
nature  understands  by  a  buttress,  and  what  by  a  dome»  There 
was  something  in  the  old  power  of  architecture  which  it  had  from 
the  recluse  more  than  from  the  citizen.  The  buildings  of  which 
I  have  spoken  with  chief  praise  rose,  indeed,  out  of  the  war  of  the 
piazza  and  above  the  fury  of  the  populace:  and  heaven  forbid  that 
for  such  a  cause  we  should  ever  have  to  lay  a  larger  stone  or  rivet 
a  firmer  bar  in  our  England !  But  we  have  other  sources  of  power 
in  the  imagery  of  our  iron  coasts  and  azure  hills  ;  of  power  more 
pure  nor  less  serene  than  that  of  the  hermit  spirit  which  once 
lighted  with  white  lines  of  cloisters  the  glades  of  the  Alpine 
pine,  and  raised  into  ordered  spires  the  wild  rocks  of  the  Norman 
sea ;  which  gave  to  the  temple  gate  the  depth  and  darkness  of 
Elijah's  Horeb  cave,  and  lifted  out  of  the  populous  city  grey  cliffs 
of  lonely  stone  into  the  midst  of  sailing  birds  and  silent  air." 

Out  of  this  mountain  of  seeming  exaggeration  comes  forth  the 
mouse  of  truth,  and  the  architectural  student  can,  by  adding  to 
his  store  of  mental  knowledge  the  manipulative  skill  of  modelling, 
approach  closer  to  that  heaven-sent  and  bom  genius,  the  artist 
who  is,  I  fear,  quietly  assumed  as  being  bom  educated,  and 
therefore  requiring  none  of  the  dull  drudgery  of  the  hard  work 
that  usually  falls  to  the  lot  of  less  blest  and  badly  endowed  mortals. 

What  the  student  should  model  matters  little.  He  may  make 
the  study  a  vehicle  for  knowledge  of  architectural  ornament  and 
figure,  but  it  suffices  to  state  that  he  obtain  a  power  over  the 
material  so  that  he  may  roughly  conceive  a  form  and  with  it  a 
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light  and  shade.  He  may  perfect  his  studies  as  time  and  oppor- 
tunity permit,  and  if  he  fail  to  grasp  a  cathedral  front  he  may 
realise  the  play  of  light  and  shade  in  a  boss. 

With  a  knowledge  of  Line,  Mass,  and  Proportion  my  treatment 
of  the  subject  may  fitly  end,  but  I  would  venture  on  your 
patience  by  briefly  touching  upon  very  debatable  ground,  namely, 
whether  or  not  a  student  whilst  going  through  an  academical 
course  of  instruction  should  design  ?  I  answer  the  question  in 
the  affirmative,  but  would  qualify  it  by  stating  that  the  design 
should  be  entered  upon  not  as  an  end  to,  but  as  a  means  of,  know- 
ledge, not  objectively  but  subjectively.  For  I  have  found  that 
work  is  ever  the  more  heartily  entered  upon,  and  a  greater  good 
ensues,  if  the  student  have  an  end  in  view,  as  opposed  to  the 
desultory  obtaining  of  information  with  a  negative  purpose. 
You  will  notice  I  have  omitted  all  reference  as  to  how  the 
student  is  to  obtain  a  knowledge  of  the  various  styles,  which  from 
Egyptian  down  to  Victorian  Gothic  or  Waterhousian  Byzantine 
have  claimed  buildings  as  belonging  to  them,  and  I  would  submit 
that  a  knowledge  of  these  various  styles  and  their  epochs  may  be 
obtained  by  the  student  designing  buildings  and  construction  in 
any  and  every  particular  style,  so  that  he  may  interestedly  ob- 
tain a  knowledge  of,  and  insight  into,  their  several  peculiar 
qualities,  their  relevant  constructions,  their  respective  uses,  and 
their  particular  ornaments  or  ornamentation.  The  restoration 
of  ancient  temples,  as  done  in  many  of  our  architectural  schools, 
forms  a  very  good  illustration  of  the  idea  I  propound,  and  the 
architectural  student  as  subjective  creator  may  well,  by  his 
adaptation  of  the  exigencies  of  any  given  style,  fitly  precede 
and  lead  up  to  the  architect  conceiving  an  original  building  in 
a  style.  This  is  what  I  instanced  very  early  in  this  paper  as 
accepting  the  past  for  the  sake  of  the  future.  The  styles  are 
mines  whose  treasures  are  endless ;  and  when  it  is  grasped 
that  the  builder  of  Glasgow  Cathedral  did  not  invent  Gothic, 
it  will  be  seen  that  a  high  degree  of  celebrity  may  accrue  to  the 
artist  who  works  on  the  manner  of  his  forefathers. 

In  reading  the  lives  of  the  great  dead  artists  one  cannot  help 
being  struck  with  the  vast  amount  of  knowledge,  practical  and 
applicable,  they  possessed  of  subjects  which  we  are  prone  to  con- 
sider as  lying  outside  the  relevant  education  of  an  architect. 
Thus  Giotto's  frescoes  adorn  the  edifices  of  a  city,  one  of  whose 
chief  architectural  beauties  is  the  tower  he  designed     Eaphaers 
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Pandolphini  palace  most  beautifully  realises  our  conception  of 
architectural  beauty  and  proportion,  as  do  his  frescoes  fill  us 
with  the  highest  human  conception  of  form.  Brunelleschi, 
whose  dome  rivals  Giotto's  tower  as  the  embellishment  of  the 
Cathedral  at  Florence,  was  a  sculptor  and  a  goldsmith. 
Leonardo  da  Vinci  enumerates  the  making  of  designs  of  build- 
ings for  public  or  for  private  purposes  and  the  executing  works 
in  sculpture  as  among  his  accomplishments,  and  professes  in 
painting  to  do  what  can  be  done  as  well  as  any  man,  be  he  who 
he  may;  assertions  richly  proved  by  his  works  yet  among  us; 
and  in  Michael  Angelo  we  have  combined  the  greatest  powers  of 
painter,  sculptor,  and  architect  in  one,  as  yet  the  possession  of 
any  single  man  that  has  lived  among  us. 

If  I  would  seem  to  go  out  of  my  way  in  adducing  these  facts, 
which  may  justly  not  appear  patent  to  the  subject  of  this  paper. 
I  have  done  so  purposely  to  throw  light  on  a  side  issue  which, 
though  not  distinctly  relevant  to  his  training,  may  yet  have  a 
great  power  for  good  both  upon  him  and  ii,  namely,  his  reading. 
Striving  to  be  cultured  men  so  that  they  may  fitly  take  the  places 
in  the  social  life  of  the  world  which  their  powers  entitle  them  to, 
is  not  specially  a  quality  which  pertains  only  to  architectural 
students,  but  a  certain  section  of  his  spare  time  should  be  devoted 
to  reading  the  lives  of  the  great  artists,  so  that  his  mind  may  be 
imbued  by  such  means  with  their  ideas  and  desires,  while  his  pencil 
is  busily  employed  with  the  practical  study  of  their  conceptions. 

Napoleon  is  credited  with  the  dictum,  "  Every  soldier  carries 
the  baton  of  a  marshal  in  his  knapsack.''  He,  however,  did  not 
wait  for  the  event,  but  worked  for  it.  The  drudgery  of  marching 
and  counter-marching,  and  sleeping  with  the  guns,  had  to  be  gone 
through,  and  gone  through  in  earnest,  before  the  baton  of  the 
marshal  was  placed  in  his  hands.  But  he  knew  its  powers,  and 
wielded  them  the  better  in  the  ordering  of  battalions  and  the 
placing  of  men.  for  that  he  had  at  one  time  carried  the  knapsack 
which  figuratively  held  it.  So  the  architect  may  command  the 
dull  stones  of  the  earth  to  arrange  themselves  in  ordered  masses, 
and  make  beauty  to  live  in  undying  splendour  on  our  walls ;  may 
by  his  proportions  lead  the  thoughts,  and  by  his  colours  tinge  the 
imagination,  of  worshippers  in  a  temple,  of  the  earth  eaithly,  so 
that  they  may  catch  a  spiritual  glimpse  of  a  building  not  made 
with  hands,  and  all  this  by  a  knowledge  and  use  of  powers  of  the 
b&ton  he  wields — a  piece  of  pencil. 
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IX. — "Greek  ThomaonJ'  By  Thomas  Gildabd,  Honorary 
Member  of  the  Glasgow  Architectural  Association,  and 
one  of  the  Vice-Presidents  of  the  Architectural  Section  of 
the  Philosophical  Society  of  Glasgow. 


[Read  before  the  Architectural  Section,  30th  January,  1888.] 


At  several  periods  in  the  history  of  the  respective  kingdoms  of 
Scotland  and  England  one  style  of  architecture  has  been  all  but 
universal  At  one  time  some  particular  variety  of  Gothic  was 
generally  accepted  for  almost  all  buildings,  ecclesiastical  or 
domestic ;  at  another  a'  certain  modification  of  Italian  prevailed, 
no  less  suitable  for  the  purpose  of  the  palace  or  the  cathedral,  as 
in  the  Whitehall  of  Jones,  and  the  Saint  Paul's  of  Wren.  The 
volumes  of  the  Vitruvius  Britannicxis  show  alike  in  public  and 
private  buildings  how  generally  this  style  obtained  during  the 
reigns  of  Anne  and  the  earlier  Georges. 

It  would  be  curious  to  inquire  why  the  use  of  one  of  these  two 
styles  of  architecture,  so  very  dissimilar,  was  at  one  time  so  almost 
universally  prevalent,  and  why  at  another  time  was  the  other ;  we 
know  that,  at  least  in  the  latter,  there  was  over  other  arts  and 
literature  the  same  pervading  genius — ^the  same  in  the  '*  Spectator '' 
Essays,  and  in  Somerset  House. 

When  the  poems  and  novels  of  Sir  Walter  Scott  aroused  a 
people  that  had  been  taking  its  ease  in  an  elegant  classicism,  a 
wide  and  active  interest  at  once  was  taken  in  everything  mediaeval 
— in  Gothic  architecture,  the  art  of  illumination,  in  heraldry, 
glass-staining,  and  blackletter  book-printing.  Britton,  Coney,  and 
others  published  plans,  elevations,  sections,  and  details  of  almost 
every  old  **  pointed  "  structure  in  the  empire;  and  Pugin  and  other 
enthusiasts,  with  an  equal  industry  and  ingenuity,  showed  the 
fitness  of  Gothic  for  every  possible  purpose.  It  became,  principally 
in  England,  the  reigning  style,  and  so  nearly  did  it  monopolise  the 
illustrations  of  the  professional  journals,  that  an  occasional  classical 
design  was  a  surprise  and  a  relief.     Besides  Sir  Walter,  however, 
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other  authors  were  operating  with  new  forces  upon  the  old- 
fashioned  British  public,  and  classical  architecture,  if  '*  scotched, 
not  kill'd,"  to  some  degree  accordingly  reasserted  itself.  And 
perhaps,  moreover,  a  comfort-loving  people  that  had  found  sweet 
content  about  its  head  in  the  round  soft  contours  of  the  Italian 
style  did  not  take  kindly  to  the  sharp-pointed  forms  of  the  Crothic, 
or  it  may  be  that  the  sharp-pointed  forms  did  not  take  kindly  to 
a  comfort-loving  people ;  perhaps,  also,  some  who  were  satisfied 
that  Gothic  was,  of  all  styles,  the  most  suitable  for  church  buildings, 
did  not  find  it  that  in  which  they  could  most  enjoyably  ''  take  their 
ease  in  their  inn."  In  a  word,  it  was  not  easy  to  supplant  by  even 
the  genius  of  a  Fugin,  the  easy  elegance  to  which  we  had  been  so 
long  accustomed  in  a  pre-eminently  domestic  style,  which  lent  itself 
equally  well  to  the  designing  of  a  palace  for  a  prince,  or  a  town- 
house  for  a  merchant. 

Sir  Walter  Scott  having  made  the  Gothic  dry  bones  live,  it  is 
possible  tliat  the  genius  of  Byron  reflected  anew  the  light  that  had 
shone  from  the  glory  of  ancient  Athens,  that  not  only  the  poetry 
wafted  to  us  from  the  Mediterranean,  but  also  the  personal  engage- 
ment in  the  interest  of  Greek  liberty,  diffused  around  the 
'*  Antiquities  "  of  Stuart  and  Revett  a  wider  circle  than  that  of 
the  mere  architectural  student  and  classical  virtuoso.  With  us 
thence  may  have  issued,  the  situation  so  favouring  it,  the  noble 
endeavour  to  accomplish  for  the  Scottish  Metropolis  the  title  of 
the  '^  Modern  Athens."  Thomson  himself  said  of  some  early 
revivers  of  the  supreme  classicism,  that,  *^  unable  to  master  the  style, 
they  became  its  slaves."     Possibly  it  was  deemed — 

Too  great,  too  good, 
For  human  nature  s  daily  food  " — 

well  adapted  for  temples,  as  Gothic  was  for  cathedrals,  but  too 
inflexibly  severe  to  be  readily  bent  to  the  purposes  of  commonplace 
domesticity,  the  city  tenement,  or  the  suburban  lodging ;  and  those 
who  had  neither  reverence  for  pointed  arches  nor  enthusiasm  for 
level  lintels,  who  felt  no  regard  towards  antiquity,  either  home  or 
foreign,  kept  by  the  style  that,  transmitted  from  Wren  and  Jones 
and  Chambers,  had,  in  its  almost  universal  adaptability,  well  served 
successive  generations.  Othei's,  however,  worshipping  the  rising 
sun,  but  not  being  dazzled  by  it,  designed  with  clear,  although 
somewhat  limited,  vision  such  legitimate  and  commanding  works 
as  the  Edinburgh  High  School  and  the  Royal  Institution.  Never- 
theless, in  the  Greek  there  had  not  been  discovered  the  plasticity 
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that  was  arrogated  for  Oothic,  and  which  Italian  under  the  reign  of 
law  certainly  possessed ;  and  so  it  was  between  the  freer  styles 
that  a  freedom-loving  people  had  chiefly  to  choose  when  about  to 
build  for  its  nineteenth-century  necessities.  Then  arose  what  has 
been  called  *'  the  battle  of  the  styles/'  and  which,  on  both  sides, 
was  waged  with  great  skill  and  vigour.  Perhaps  nothing  more 
inclined  the  classicists  towards  victory  than  the  surprising  appear- 
ance of  the  Reform  and  the  Travellers'  Club-houses  by  Barry. 
These,  if  they  showed  little  invention,  displayed  such  a  happy 
composition  of  old  features,  such  admirable  massing  and  proportion, 
and  such  purity  of  detail,  that  they  gave  to  Italian  architecture, 
if  not  a  new  life,  at  least  a  prolonged  one  of  general  regard  for 
elegance  and  dignity. 

It  was  about  the  time  that  this  battle  was  fiercest  that  Thomson 
began  business.  He  gave  no  allegiance  to  either  side,  but  seem- 
ingly of  set  purpose  devoted  himself  to  the  problem  of  throwing 
the  grace  and  grandeur  of  Greek  genius  over  the  many  and 
complex  building-wants  of  a  people  much  more  practical  than 
impressionable.  The  possibilities  of  the  style  were  as  yet  undis- 
covered ;  even  as  a  "  limited  liability "  Greek  was  not  generally 
understood,  and  consequently  it  was  not  generally  appreciated ; 
notwithstanding  the  Byronic  associations  and  the  Edinburgh 
experiments,  it  enjoyed  not  the  vox  populi;  it  was  tolerated  by  the 
dilettanti,  and  ridiculed  by  the  ignorant.  Thomson's  genius  may 
be  said  to  have  re-created  the  style — not,  however,  as  it  was 
possible  in  ancient  Greece,  because  in  the  times  of  Pericles  and 
Alcibiades  there  were  no  circumstances  that  could  give  it  oppor- 
tunity. Where  there  were  no  buildings  of  many  windows  there 
could  not  be  a  many- windows  architecture ;  and  when,  in  our  own 
country,  buildings  of  many  windows  became  of  commercial  or 
other  social  life  a  necessity,  with  these,  perhaps,  no  style  of  archi- 
tecture could  liave  less  sympathy  than  the  Greek.  Thomson's 
Greek,  however,  was  new,  such  as  was  unknown  in  an  age  and 
country  that  had  no  tenements  or  warehouses  ;  nevertheless,  it  is 
in  the  most  perfect  harmony  with  the  spirit,  if  not  the  letter,  of 
the  monuments  of  the  Acropolis.  Mr.  Boger  Smith,  speaking  at 
the  Society  of  Arts,  London,  said — "  There  is  one  living  architect 
of  genius,  Mr.  Alexander  Thomson,  who,  by  his  works,  is  at  the 
present  day  showing  that  Greek  art,  properly  used,  can  be 
applied  with  success  to  the  buildings  required  for  ordinary  use 

in  Glasgow." 
Vol.  XIX.  n 
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Mr.  Smith  spoke  of  Thomson  as  an  '^architect  of  genius."  It 
has  been  said,  however,  that  a  work  of  genius  must  be  upon  a 
scale  of  magnitude,  must  be  universally  recognised,  and  must  be 
of  materials  that  ensure  a  perpetual  duration,  and  that  in  Thom- 
son's works  there  are  none  of  these  constituents.  This  was  said 
to  me  by  a  friend  when  I  was  speaking  to  him  of  the  preparation 
of  this  paper. 

In  works  of  genius  material  bulk  is  not  necessarily  an  element. 
Between  material  and  mental  greatness  there  is  an  admitted 
difference.  The  Koman  Colosseum  is  one  of  the  largest  buildings 
in  the  world,  but,  in  Thomson's  own  words,  **  the  Colosseum  is  bad 
in  form,  and  treated  with  a  degree  of  rudeness  that  corresponds 
well  with  the  unhallowed  purpose  for  which  it  was  built."  The 
Greek  circular  temple,  commonly  called  the  "  Lanthom  of  Demos- 
thenes," is  in  material  bulk  of  Very  little  consideration,  but  in 
artistic  skill  it  is  of  the  very  highest  value.  Indeed,  it  is  a  charac- 
teristic of  the  great  Greek  works — works  the  genius  in  which  is 
wholly  beyond  question — that  materially  they  are  comparatively 
small ;  the  Parthenon  of  Athens,  for  instance,  as  compared  with 
the  Colosseum  of  Rome.  There  may  be  more  artistic  genius  in  a 
Greek  vase  than  in  a  Trajan's  column. 

Nor  is  it  necessary  that  to  claim  for  it  genius  a  work  must  be 
universally  recognised.  In  that  admirable  criticism  which  Shakes- 
peare puts  into  the  mouth  of  Hamlet,  he  makes  the  Prince  say 
there  is  that  which  *^  though  it  may  make  the  unskilful  laugh,  yet 
cannot  but  make  the  judicious  grieve — the  censure  of  which  one 
must,  in  your  allowance,  outweigh  a  wliole  tJieatre  of  others;"  and 
he  causes  the  hero  of  Agincourt  to  say  to  the  daughter  of  King 
Charles  of  France,  **  We  are  the  makers  of  manners,  Kate."  Of 
nothing  is  the  British  public  more  ignorant  than  of  architecture 
and  sculpture  as  fine  arts.  It  is  probable  that  a  thousand  admire 
the  figures  in  Mrs.  Jarley's  waxwork  for  a  hundred  that  can 
appreciate  the  sculptured  friezes  of  the  Parthenon.  There  may  be 
genius  without  any  recognition — '*  Some  mute  inglorious  Milton 
here  may  rest."  How  many  works  of  genius  are  known  only  to 
the  few,  to  the  learned,  those  only  who  have  access  to  them,  and 
who,  from  their  culture,  are  capable  of  judging. 

Nor  is  it  a  requisite  of  works  of  genius  that  they  be  of  imperish- 
able materials.  The  Barberini  vase  is  broken,  even  the  great 
temples  of  Egypt  are  in  ruins.  There  are  works  of  genius  which 
perish  in  the  using.     No  one  will  deny  genius  to  Garrick  and 
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Kemble,  nevertheless  its  material  representation — the  gesture,  the 

tone,  the  facial  expression — has   passed   away.      The  genius  of 

Turner  was  conspicuous  in  his  colour,  "  the  light  that  never  was 

on  sea  or  shore,"  but 

**  The  treacherous  colours  the  fair  art  betray, 
And  all  the  bright  creation  fades  away. " 

How  few  of  the  works  of  genius  comprise  the  several  elements 
of  greatness  of  size,  universal  recognition,  and  ever-enduring 
materials.  "  Tarn  o'  Shanter  "  is  a  poem  the  excellence  of  which 
is  by  everyone  acknowledged ;  but  it  is  of  no  great  extent,  and  its 
duration  is  imperilled  by  its  being  in  a  language  that  is  becoming 
obsolete.  The  Venus  of  Milo  is  not  a  large  statue,  its  excellence 
is  known  almost  only  to  artists  and  art- critics,  and  the  material 
by  which  it  is  expressed  is  certainly  not  imperishable.  The  beauty 
of  the  Parthenon  is,  or  at  least  ought  to  be,  very  generally 
admitted,  yet  materially  this  building  is  neither  large  nor  lasting. 
Of  great  architectural  works,  there  are  few,  I  fear,  that  comply 
with  the  conditions  enunciated  by  my  friend.  Doubtless  there  are 
the  Pyramids. 

•  We  must  take  Thomson's  genius  as  we  find  it,  and  that  is  chiefly 
in  having  re-created  a  style — re-created  it  as  water  exhaled  from 
the  pure  clear  lake  returns  to  the  earth,  refreshing  it  as  dew. 
This  style  is  homogeneous,  not  here  a  little  and  there  a  little,  but 
is  within  itself  complete.  A  cultured  architect  visiting  Glasgow 
sees  from  a  distance  some  building  of  original  composition,  yet 
exquisite  proportion,  and  hastes  towards  it  that  he  may  examine 
its  details.  He  finds  that  these  are  of  the  aptest  congruence  with 
the  general  design — as  if  an  arboricultui'ist,  seeing  from  a  distance 
some  unusual  tree,  uncommon  in  its  massing,  grouping,  and 
general  configuration,  found  when  he  came  to  it,  that  its  bark,  its 
leaves,  its  flowers,  its  fruit  could  belong  only  to  itself,  and  that 
they  naturally  arose  from  the  very  disposition  that  gave  to  this 
particular  tree  its  specialty  of  outline.  In  this  re-creation  there  is 
as  much  genius  exercised  as  in  the  original  devising.  Shakespeare, 
in  re-creating  the  story  of  the  conspiracy  against  Julius  Csesar — 
fitting  it  for  an  Elizabethan  audience — showed  perhaps  more 
genius,  so  "  bettering  the  instruction,*'  than  did  Plutarch,  from 
whose  "Lives"  he  derived  the  information.  Thomson  imposed 
upon  himself  the  task  of  carrying  the  spirit  of  Greek  art  from 
the  temple-crowned  Athens  to  the  warehouse-thronged  Glasgow ; 
and,  notwithstanding  that  the  Greek  remains  are  comparatively 
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few,  so  conjuring  with  them  that,  had  it  been  possible  for  our 
nineteenth-centary  architectural  necessities  to  have  been  the 
architectural  necessities  of  Greece  in  the  time  of  Pericles,  they 
would  have  been  to  the  old  Athenians  as  they  are  to  us  by 
Thomson.  As  I  have  said  elsewhere,*  "  His  genius  seemed  to  be 
less  derived  from  than  native  to  Greece,  as  if  it  had  breathed  its 
air,  and  joyed  in  its  sunshine — developing  under  Helios,  rather 
than  ^  pushing'  in  a  conservatory — less  educated  by  Stuart  and 
Revett  than  impulsed  from  such  circumstances  as  gave  colour  and 
character  to  the  Athenic  life  when  at  its  fullest." 

As  Greek  art  is  the  most  perfect,  so  is  it  the  most  difficult ;  it 
is  "  the  entire  and  perfect  chrysolite,"  from  which,  without  injury, 
nothing  can  be  taken,  and  to  which  nothing  can  be  added.  As  is 
said  in  a  recent  work,t  "  it  was  not  a  partial  or  one-sided  develop- 
ment that  was  aimed  at  by  the  Greeks,  it  was  harmonious  and 
complete — that  of  every  part  in  due  proportion.  Among  people 
regulated  by  such  instincts  and  principles — insisting  upon  unity 
wherever  and  just  so  far  as  there  was  sufficient  homogeneity  in 
the  constituent  parts  to  admit  of  it,  ajid  upon  the  strictest 
symmetry  among  those — a  building  could  no  longer  i*emaiu  a 
congeries  of  independent  members ;  it  would  become,  in  the 
amplest  sense  of  the  term,  a  work  of  art."  To  reduce  an  art  such 
as  this  to  the  alike  complex  and  commonplace  wants  of  our  time 
and  country  was  beset  by  many  and  varied  difficulties.  To  satis- 
factorily combine  the  Greek  integrity  of  art  with  the  varied  wants 
of  business  required  in  invention  and  in  judgment  the  powers  of 
no  ordinary  genius.  It  has  been  done,  and  we  are  familiar  with 
it.  "  Custom  hath  made  it  in  us  a  property  of  easiness."  A  new 
style  of  elevation  for  otherwise  ordinary  tenements,  as  in  Eglinton 
Street,  does  not  now  surprise.  It  has  been  copied,  and  its 
success  has  stimulated  towards  the  attempting  of  those  styles 
that  do.  In  Thomson's  business  lifetime  there  was  among  the 
cultured  of  the  profession  something  of  curiosity  to  know  what 
was  his  latest  invention,  some  degree  of  eagerness  to  see  the  facile 
felicity  with  which  he  had  modified  the  ornaments  of  Pallas  to 
bedeck  the  robe  of  Britannia.  They  expected,  and  they  were 
certain  to  find,  something  new  and  true — a  sculptor's  studio  as 
sculptor's  studio  had  never  been  before;  a  Pagan  temple  conse- 
crated to  Christian  worship,  of  which  it  would  be  difficult  to  say 
whether  it  had  less  resemblance  to  the  Pagan  temples  of  old  or  to 

•  In  The  BrUish  Architect.  t  ''Culture  in  Helles." 
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the  hitherto  treatment  for  a  similar  pui-pose.     He  would  have 
been  a  new  man  even  among  the  old  Greeks. 

The  studio  which  Mr.  Thomson  designed  for  his  old  and  intimate 
friend,  Mr.  Mossman,  was  one  of  his  first  works  that  attracted 
the  particular  attention  of  other  architects  as  art-critics.  In 
quality  of  composition,  if  not  also  of  detail,  I  do  not  know  if,  in 
any  of  his  subsequent  works,  he  has  surpassed  it.  The  site,  the 
comer  of  two  streets,  one  of  which  is  level,  the  other  having  a  con- 
siderable inclination,  is  taken  advantage  of  with  consummate  skill 
as  regards  both  artistic  design  and  utility.  Along  the  level  street 
the  walling  is  of  cyclopean  masonry,  pierced  by  a  doorway  which, 
from  its  sill  being  on  a  level  with  the  surface  within,  serves  the 
purpose  of  "  bank ''  loading,  and  on  each  side  of  it,  by  three 
openings,  having  broad  dwarf  pilasters  between  them,  also  on  each 
side  of  the  doorway,  the  extreme  piers  being  of  cyclopean  work, 
part  of  the  general  walling.  On  the  inclined  street  the  composi 
tion  is  in  four  parts :  the  first,  a  continuation  of  the  cyclopean 
wall,  with  its  somewhat  horizontal  openings  and  their  dwarf 
pilasters;  the  second,  the  gateway,  with  its  piers  "growing"  from 
the  general  walling;  the  third,  the  screen  between  the  gat-eway 
and  the  studio  proper,  with  its  doorway  crowned  by  a  block 
cornice  and  acroterion,  and  having  a  honey suckle-and-lotus  enrich- 
ment extending  from  each  end  of  this  cornice  ;  and  the  fourth, 
the  studio  proper,  composed  of  four  pilasters  and  two  extreme  piers 
carrying  a  block  pediment,  between  the  pilasters  a  dado  on  a  level 
with,  and  continuing  the  honeysuckle-and-lotus  enrichment  on 
each  side  of  the  door,  the  whole  standing  upon  a  cyclopean  base- 
ment. 

Another  early  work  is  the  Caledonia  Koad  United  Presbyterian 
Church.  In  this  building  the  portico  fortunately  faces  the  south, 
has  considerable  depth,  stands  upon  a  high  and  unpierced  stylobate, 
except  by  a  simply-dressed  door  at  each  extreme,  and  is  flanked 
at  one  side  by  a  lofty  square  tower,  in  which,  on  this  southern 
elevation,  there  are  no  openings  except  in  nearly  the  highest  stage. 
The  portico,  comparatively  small,  is  exquisitely  proportioned,  and, 
as  the  chief  feature  in  the  composition,  it  receives  emphasising 
value  from  the  solid  chai*acter  of  the  stylobate  and  from  the  lower 
part  of  tower.  Nearly  midway  on  the  western  face  of  tower 
is  a  boldly-designed  window  which,  when  the  works  of  Thomson 
were  few,  I  looked  upon  as  the  grandest  individual  architectural 
mere  part  that  I  had  ever  seen  either  on  paper  or  in  execution. 
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It  is  not  a  two-light  window,  but  a  one-light  window  divided  into 
two  by  a  pilaster  with  antse  supporting  a  cornice  which  serves  as 
a  transom.  This  pilaster,  with  antse  and  cornice  within  a  magnifi- 
cent architrave,  with  frieze  and  a  cornice  supported  by  trusses,  is 
characterised  no  less  by  great  power  and  beauty  than  by  novelty. 
On  the  east  the  storey  standing  on  a  high  base  of  cyclopean 
masonry,  and  thereafter  corresponding  in  height  and  treatment 
with  the  stylobate  of  portico,  is  relieved  by  only  three  great 
recesses  like  square  niches,  dressed  with  architrave,  frieze,  trusses, 
and  cornice,  similarly  to  the  great  window  on  the  west  side  of  the 
tower ;  and  the  upper  storey  is  a  continuous  colonnade  of  square 
columns  or  pilasters.  The  site  has  a  slightly  acute  angle;  the 
church  is  a  parallelogram  in  plan,  and  the  remainder  of  the  area — 
the  side  towards  the  west — is  designed  as  a  one-storey  lecture-hall, 
the  platform  being  at  the  narrow  end  so  that  all  eyes  may  converge 
towards  it.  The  church  is  lighted  only  by  the  windows  in  the 
continuous  colonnade  of  the  upper  storey.  The  tower  finishes 
square  in  plan;  immediately  above  the  three-light  opening  on  each 
face  there  is  in  the  highest  stage,  which  is  slightly  stepped  back, 
a  circular  panel  for  a  clock,  supported  by  characteristic  scroll 
ornament,  and  the  apex  of  the  roof  is  surmounted  by  a  plain  two- 
armed  cross.  The  portico  is  Ionic.  I  once  asked  Mr.  Thomson 
why  he  had  never  used  the  Doric;  he  told  mc  that  he  had  never  had 
a  building  whose  size  was  worthy  of  it.  The  walling  of  the  tower 
and  of  the  stylobate  is  of  that  alternate  high  and  low  coui*sing — 
the  low  courses  projecting  slightly — so  frequent,  and  applied  with 
such  marked  and  consistent  efiect  in  the  works  of  Thomson. 

In  the  larger  and  better  known  work,  the  United  Presbyterian 
Church  in  Saint  Vincent  Street,  the  disposition  of  the  parts  is  very 
similar,  the  Ionic  poi*tico  resting  on  a  massive  stylobate  with  door 
at  each  end,  and  the  tower,  unpierced  until  at  considerable  height, 
flanking  it.  In  the  stylobate  is  a  series  of  slightly  horizontal 
windows  separated  by  dwarf  pilasters.  On  the  return  front, 
towards  Pitt  Street,  which  is  on  a  very  considerable  inclination, 
there  is  a  basement  of  large  blocks  irregularly  jointed,  having  at 
its  lower  end  a  doorway  of  door  and  two  windows.  The  elevation 
towards  the  lane  is  in  some  respects  perhaps  the  grandest  The 
portico  is  in  cverywise  the  same  as  that  towards  Saint  Vincent 
Street ;  it  has  the  immense  advantage  of  looking  towards  the  south, 
and  stands  at  a  considerably  greater  height — the  peculiar  treat- 
ment of  the  stylobate,  with  its  doors  and  windows,  being  of  surpass- 
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ing  power  and  dignity.  Among  the  especial  features  of  this  church 
are,  besides  the  stylobate,  the  magnificent  walling  and  doorway  of 
the  basement  in  Pitt  Street,  the  windows  and  dwarf  pilasters  in  the 
stylobate  towards  Saint  Vincent  Street,  and,  of  course,  each  portico, 
in  itself  one  of  those  masterpieces  that  at  once  induce  and  require 
the  most  careful  study.  Over  all  there  is  the  most  exquisite  detail, 
exquisite  alike  in  its  originality,  in  its  intrinsic  beauty,  and  in  its 
adaptation.  This  placing  of  a  tower  alongside  of  a  portico,  retain- 
ing for  each  its  individuality  and  yet  uniting  them  so  harmoniously, 
is  so  skilfully  effected,  that  in  the  distance  the  painter  is  invited 
to  prepare  his  canvas,  and  in  the  foreground  the  architect  is 
challenged  to  the  severest  criticism  ;  the  one  finding  a  pictur- 
esqueness  of  composition  that  ancient  Athens  never  knew,  the 
other  a  refinement  of  detail  that  it  never  surpassed. 

From  a  certain  point  in  Both  well  Street  the  general  composition, 
and  more  especially  that  of  the  tower,  caught  upon  the  angle, 
the  Saint  Vincent  Street  Church  must,  for  the  classical  student, 
when  first  lie  sees  it,  possess  a  singular  fascination,  this  classic 
associated  with  picturesque  in  such  unwonted  yet  aptest  harmony. 
In  moonlight,  from  the  foot  of  Pitt  Street,  when,  looking  up  to  it 
on  the  hilltop,  he  sees,  as  it  were  in  silhouette  outline,  the  justness 
of  its  proportions ;  when  at  noonday  from  the  South-side  Park  he 
sees  it,  as  in  a  Tumeresque  picture,  dominating  a  series  of  streets 
rising  above  streets  like  the  rock-hewn  steps  of  some  Titanic  stair- 
case. What  a  mine  of  not  merely  new,  but  hitherto  undreamt-of 
wealth,  what  a  birth  of  inventiveness  is  discovered  in  this  building, 
in  the  general  design,  and  in  the  details  alike  of  the  mouldings  and 
the  ornament.  In  all  this  invention  there  is  nothing  importunate, 
nothing  of  self-consciousness ;  in  this  creation  of  a  new  system 
nothing  of  disturbance;  all  is  composed  and  in  repose,  each  is 
related  to  each,  the  dignity  to  the  grace,  and  the  beauty  to  the 
power:  "It  rejoices  in,  and  is  completed  by  law — strongly  and 
sweetly  from  end  to  end." 

Mr.  Thomson  once  spoke  to  me  of  a  possibility  of  the  porticos 
of  this  church  looking  to  the  east  and  to  the  west.  Both  then 
would  have  had  sunshine  on  them,  and,  as  the  site  is  the  summit 
of  a  hill,  each  in  being  approached  would  have  been  looked  up  to 
from  a  considerable  distance. 

In  Thomson,  with  the  severe  judgment  and  high  culture  of  the 
Greek  there  was  combined  the  rich  and  glowing  imagination  of 
the  Oriental,  and  perhaps  over  none  of  his  works  has  he  so  thrown 
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an  oriental  genius  as  over  the  United  Presbyterian  Church  near 
to  the  South-side  Park.  I  am  not  going  to  describe  this  unique 
building  in  detail.  The  originality  of  the  conception,  the  felicity 
of  the  composition,  the  beauty  of  the  detail  are  all  characteristic 
of  its  author.  I  have  always  esteemed  this  church  one  of  Mr. 
Thomson's  most  perfect  works.  It  is  singularly  unfortunate  in  its 
situation — on  a  dead  level,  and  almost  circummured  by  ordinary 
tenements.  Internally  it  is  a  surprise  even  to  those  not  wholly 
unacquainted  with  the  Thomsonic  Greek.  The  preacher's  platform 
or  rostrum  is  in  itself  an  education — unlike  anything  that  remains 
to  us  from  the  ancients,  and  yet  in  the  true  spirit,  of  Greek  of  the 
very  highest.  Other  special  features  are  the  open  roof,  the  choir- 
gallery  behind  the  rostrum,  the  two  tiers  of  gallery  opposite,  the 
artificial  lighting  by  the  candelabra  on  the  platform  and  the  jets 
along  the  cornice,  and  the  polychromatic  decoration.  This 
decoration  is  rich  and  brilliant — it  decorates  surfaces,  but  in  nowise 
disturbs  an  architecture  that  is  independent  of  it.  When  it  is 
said  that  it  is  from  the  pencil  of  Thomson  himself,  the  severity, 
the  delicacy,  the  power,  the  grace — in  a  word,  the  beauty  and  the 
appropi'iateness  of  the  lines  may  be  readily  conjectured.  In  the 
colours,  or  rather  in  the  harmonising  of  some  of  the  tones,  he  had 
the  assistance,  frankly  acknowledged,  of  the  contractor,  Mr.  Cottier, 
now  of  London.  The  scheme  of  this  decoration  is  as  unique,  as 
original,  as  is  what  is  purely  the  architecture,  lliroughout  the 
church  there  is  not  even  one  cubic  inch  of  plaster,  and  the  natural 
colour  of  the  wood — yellow  pine — contributes  its  tone  towards 
the  general  harmony. 

The  Caledonia  Road  Church  is  also  decorated  from  Mr. 
Thomson's  designs,  but  for  some  reason,  perhaps,  more  strictly 
speaking,  no  reason^  the  greater  opportunity  of  decorating  the 
Saint  Vincent  Street  Church  was  denied  to  him. 

I  shall  now  look  briefly  at  some  of  Thomson's  works  designed 

for  other  purposes.     The  great  warehouse  in  Union  Street  is  one 

that  at  once  presents  itself.     As  nowadays  where  are  shops,  there 

is  "no  visible  means  of  support  "  to  the  superstructure,  I  need  say 

little   of  the  street  storey,  further  than  mention  the  ingenious 

manner  in  which  the  honeysuckle  enrichment  is  run  up  the  piers 

and  carried  along  the  lintel.     Any  praise  or  censure  of  mine  can 

have  little  weight  in  estimating  such  a  genius  as  Mr.  Thomson's — 

''Great  wits  Bometimes  may  gloriously  offend, 
And  rite  to  faults  tme  critics  do  not  mend," 
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and  it  mast  be  borne  in  mind  how,  with  us  at  least,  his  works 
have  elevated  the  standard  of  architectural  ciiticism  ;  yet  I  must 
say  that  the  two  storeys  between  the  street  and  the  uppermost 
seem  weak,  as  having  too  much  of  an  effeminate  elegance,  com- 
pared with  the  grand  colonnade  which  they  support.  Perhaps 
the  motive  of  the  lowest  of  them  may  be  found  in  the  more  ornate 
part  being  as  a  screen  in  £tont  of  the  really  supporting  wall,  for, 
looking  from  the  pavement  to  the  wallhead  cornice,  it  will  be  seen 
that  the  general  outHne  of  the  section  is  an  ogival  curve,  the  line 
bending  inwards  above  this  apparent  screen,  and  again  rolling 
outwards  in  the  projection  of  the  cornice.  I  have  heard  the  wall- 
head  characterised  as  the  noblest  in  Europe,  and  so  far  as  the 
professional  journals  and  other  means  of  affording  information  let 
us  see,  this  high  opinion  cannot  easily  be  gainsaid.  One  means 
by  which  this  nobility  is  attained  is  the  unbroken  horizontality. 
How  much  more  mean  and  petty  would  have  been  the  effect 
had  this  cornice  at  any  intervals  been  broken  and  interrupted. 
No  man  knew  better  than  Thomson  the  value  of  the  horizontal 
line,  no  man  has  more  powerfully  expressed  it.  It  is  a  dominant 
element  in  all  his  compositions — in  this  magniiicent  cornice,  as  in 
a  sketch  for  a  book-cover.  In  these  restless  times  of  liberty — such 
liberty  as  of  an  escaped  lunatic,  with  its  styles  and  schools  of  an 
up-and-down,  and  an  in-and-out,  and  otherwise  knock-knee'd 
architecture — to  the  architect  who  would  govern  liberty  by  law, 
who  would  have  his  building  an  integer,  and  not  an  aggregate  of 
fractions,  the  power  of  the  unbroken  horizontal  line  is  one  of  the 
principal  powers  to  which  he  should  give  respect  and  homage. 
Another  notable  quality  in  this  entablature  is  its  two  proportions. 
It  affects  "  a  double  debt  to  pay,"  "  but  yet  a  union  in  partition  " — 
generally,  a  nice  proportion  to  the  height  of  the  building,  and 
within  it,  as  it  were,  another  entablature  as  nicely  proportioned 
to  the  columns  that  carry  it.  When  the  uppermost  storey  of  a 
building  is  one  of  the  ^'orders,"  a  question  sometimes  arises 
whether  the  entablature  should  be  proportioned  particularly  to 
the  diameter  of  the  columns,  or  generally  to  the  height  of  the 
building.  If  proportioned  according  to  the  order,  it  seems  too 
light  for  the  whole  structure,  and  if  to  the  whole  structure,  too 
heavy  for  the  order.  Whether  it  was  by  careful  study,  or  by 
intuitive  genius,  Thomson  has  in  the  happiest  manner,  combining 
yet  distinguishing,  triumphed  over  what  to  many  has  been  a 
difficulty,  both  speculative  and  practical. 
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The  last  work  of  this  great  architect — ^that  at  which  he  was 
working  within  two  days  of  his  death — was  a  design  for  a  town- 
hall.  The  building,  if  I  remember  aright^  was  three  storeys  high. 
The  uppermost  was  either  the  same  as  the  uppermost  of  the 
Union  Street  warehouse,  or  was  a  slight  modification  of  it ;  but 
the  colonnade  stood  on  a  wall  of  banded  ashlar,  relieved  only  by 
three  windows;  and  the  effect  of  such  a  colonnade  upon  this  high 
and  almost  solid  wall,  with  its  ever-recurring  horizontal  lines, 
was  as  if  with  the  beauty  of  Greece  was  the  stateliness  of  Egypt. 
In  this,  although  small,  subject,  in  working  at  which  the  pencil  fell 
from  his  hand  for  ever,  are  to  be  seen  the  chief  elements  which 
Thomson  always  had  before  him — Order,  Power,  and  Beauty. 
"  Order  is  heaven's  first  law,"  and  under  its  reign,  subject  to  its 
inexorable  rule,  he  expressed  power  and  beauty,  inspiring  them 
with  new  life,  and  clothing  them  with  fresh  gracea 

The  Holmwood  Villa,  made  familiar  to  us  by  Messrs.  Bladders 
book,  has  deprived  us  of  either  asking  or  answering  the  question, 
Is  an  architect  an  artist  ?  If  architecture  be  poetry  in  stone-and- 
lime — a  great  temple  an  epic — this  exquisite  little  gem,  at  once 
classic  and  picturesque,  is  as  complete,  self-contained,  and  polished 
as  a  sonnet.  The  connecting  of  the  offices  with  the  villa  by  the 
unbroken  long  line  of  possibly  a  garden  wall,  is  an  impressive 
instance  of  the  value  of  a  continuous  liorizontality.  This  value 
may  be  estimated  by  supposing  the  wall  away,  each  building 
apart,  solitary,  and  unsympathetic.  By  this  supposition  it  will 
be  seen  that  this  mere  wall  is  one  of  the  most  important  parts  of 
the  composition.  By  the  kindness  of  Mr.  Bowie,  I  had  an  oppor- 
tunity of  seeing  the  interior.  I  need  scarcely  say  that  it  was 
worthy  of  the  remarkable  picture  I  had  been  studying  outside. 
Unique  beauties  and  ingenious  devices  were  to  be  seen  everywhere. 
Of  the  polychromatic  decoration  of  the  walls,  ceilings,  doors,  I 
might  almost  say  "  it  beggared  all  description."  Mention  is  made 
in  the  "  Spectator"  of  a  lady  who  could  not  place  a  patch  without 
spoiling  a  beauty,  and  to  hang  upon  these  walls  a  mirror  or  a 
picture  would  be  not  merely  "  a  wasteful  and  ridiculous  excess," 
but  a  disturbing  impertinence.  Thomson's  idea  was  to  make  a 
room  so  perfect,  so  satisfying  as  a  work  of  art,  that  it  was 
independent  of  all  adventitious  means  and  appliances.  '^  If  you 
have  pictures,  have  a  picture  gallery."  Besides  the  decoration, 
much  of  the  furniture,  solid  and  textile,  was  designed  by  Mr. 
Thomson. 
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Another  building  which  we  must  look  at  is  Great  Western  Ter- 
race. You  must  stand  £ar  enough  away  to  focus  it  in  its  entirety. 
The  first  thing  you  will  likely  notice  is,  that  the  one- storey-higher 
'*  lodgings''  of  the  terrace  are  not,  as  is  generally  the  case,  the 
end  ones ;  then  in  this  all-embracing  view  your  attention  will  be 
taken  to  the  proportion  of  the  height  of  the  building  to  its  length 
— ^the  proportion  of  the  higher  lodgings,  not  only  in  themselves, 
but  also  in  their  relationship  to  the  length  and  height  of  the 
terrace  generally — their  relation  to  it  in  their  special  position — 
and  the  intervals  at  which  recur  in  the  building  throughout  those 
stated  features,  the  several  door-pieces.  Viewed  thus  as  a  whole, 
I  think  you  have  in  this  terrace  as  harmonious  a  work  of 
architectural  art  as  is  permitted  to  be  designed  by  a  finite  intelli- 
gence. It  is  upon  its  proportions  and  its  relationship  that  it 
almost  wholly  depends,  for  so  plain  is  it — "  beauty  unadom'd  " — 
that  there  is  neither  architrave  nor  jamb  -  moulding  upon  the 
windows;  they  are  bare  openings  in  the  wall,  but  then  most 
admirably  proportioned  not  only  in  themselves,  but  to  the  solid 
spaces  between  them.  Another  thing,  and  one  that  gives  a  subtle 
charm  to  this  building — something  rather  felt  than  seen — is  that 
the  walls  have  a  slight  inclination  as  has  an  Egyptic  obelisk. 
Nevertheless,  this  grand  terrace  is  not  without  anomalies.  In 
the  fenestration  the  solids  are  the  uneven  number,  not  the  voids ; 
the  door-piece  of  the  western  three-storey  portion  is  different  from 
that  of  the  eastern^  and  the  eastern  has  in  its  centre,  instead  of 
an  opening,  a  column.  All  this,  however,  is  so  overcome  by  the 
mastery  of  proportion  that  the  windows  have  to  be  counted  to 
prove  the  fact ;  and  the  fact  that  there  is  a  column  instead  of  an 
opening  in  a  centre,  may  again,  as  it  has  done  already,  elude  even 
frequent  observation.  After  having  once  detected  this  anomaly, 
I  never  saw  it  again  except  when  I  was  looking  for  it.  Only  a 
genius  of  a  high  order  could  with  so  few,  and  seemingly  so  simple, 
elements  design  a  building  of  such  composed  dignity.  The 
windows  have  no  dressings,  but  Greek  goddesses  could  afford  to 
appear  undressed. 

"  No  meretricious  graces  to  beguile, 
No  clustering  ornaments  to  clog  the  pile  ; 
From  ostentation  as  from  weakness  free, 
Majestic  in  its  own  simplicity."    . 

Some  others  of  Mr.  Thomson's  buildings  I  shall  little  more  than 
mention.     Of  these  are  the  stable,  designed  for  Mr.  Walker  at 
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Hillhead — an  admirable  work,  the  highest  art  most  happily 
bestowed  on  what  bj  some  might  be  deemed  a  mean  object,  were 
it  not  that  of  the  greatest  event  in  the  world's  history  a  stable  was 
the  birthplace ;  Westboume  Terrace  at  Kelvinside ;  a  warehouse 
at  the  comer  of  Argjle  and  Dunlop  Streets,  now  altered ;  Messrs. 
Blackie*s  premises  in  Stanhope  Street;  the  little  Terrace  near 
Pollokshields,  in  which  was  his  own  house ;  a  warehouse  in  Sauchie- 
hall  Street,  in  which  may  be  seen  the  germ  of  the  grand  colonnade  in 
Union  Street;  a  warehouse  in  Grordon  Street,  in  which  may  be  seen 
a  development  from  a  building  in  Bath  Street ;  Walmer  Crescent^ 
Paisley  Road ;  villas  at  Langside ;  and  many  tenements  of  ordinary 
dwellings — ordinary,  were  it  not  that  they  show  the  same  fine  sense 
of  proportion,  the  same  care  in  detail,  as  do  his  buUdings  designed 
for  even  the  highest  purposa  In  this  we  can  look  for,  among  other 
motives,  a  conscientious  duty,  the  duty  of  doing  not  merely  what 
is  good  enough,  but  what  is  best,  the  duty  of  throwing  the  joy  of 
beauty  over  our  every-day  and  most  familiar  surroundings.  There 
are  one  or  two  alterations  or  additions  which  I  would  not  willingly 
pass  over,  such  as  the  great  door-piece  in  Saint  Vincent  Place,  for 
which,  because  of  necessary  changes,  has  lately  been  substituted 
the  finely  proportioned  and  detailed  column-porch  by  Campbell 
Douglas  k  Sellars,  and  the  front  of  Messrs.  Frame's  counting- 
house  in  Royal  Bank  Place,  which,  although  apt  to  be  overlooked 
in  the  hurried  business  walk,  deserves,  for  at  least  some  specialities, 
a  careful  regard. 

Notice  has  been  made  of  the  colonnade  in  Union  Street  being 
developed  from  a  building  in  Sauchiehall  Street,  and  a  warehouse 
in  Gordon  Street  from  a  building  in  Bath  Street.  This  modifica- 
tion of  the  same  general  design  is  to  be  found  in  other  features  of 
Thomson's  buildings — for  instance,  the  depending  scroll  on  each  side 
of  the  pilasters  of  the  second  storey  of  the  Union  Street  warehouse 
is  seen  in  wood  in  a  shop  front  in  Buchanan  Street,  and  in  iron  on 
the  warehouse  at  comer  of  Argyle  and  Dunlop  Streets.  There  is 
also  a  peculiarity — difficult  to  describe — shown  in  both  the  Crordon 
and  Bath  Street  buildings,  a  sort  of  growing  from  the  walling  of 
^*  detached  "  pilasters — the  root,  so  to  speak,  of  the  pilasters  being 
between  the  dressings  of  the  windows  which  are  seemingly  imposed 
upon  the  general  surface.  It  is  not  easy  to  account  for  an  architect 
of  such  rare  inventive  powers  reproducing  the  same  idea,  although 
varied  in  its  details  ;  it  is  not  easy  for  ua^  but  doubtless  with  him 
there  was  reasonableness  and  satisfaction.     In  Gordon  Street  a 
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menacing  difficulty  has  been  most  ingeniously  met  and  overcome. 
The  series  of  windows  beneath  the  pilasters,  instead  of  being 
continued  so  as  to  embrace  in  it  the  walling  beneath  the  two 
extreme  pilasters  at  each  end,  is  stayed,  and  for  windows  are  substi- 
tuted a  sort  of  square  niches,  features  of  interest  in  their 
treatment,  and  contributing  breadth  and  repose  where  there  was 
an  opportunity  for  weakness.  This  building  was  the  property  of 
Mr.  Thomson  and  his  brother,  and  it  need  scarcely  be  said  that  it 
would  engage  the  usual  care;  nevertheless,  since  their  deaths,  pre- 
sumptuous ignorance  has  endeavoured  to  "  improve  "  it  by  adding 
a  shop-cornice,  a  cornice  that,  with  its  trusses,  <ba,  heAvs  prttna/acie 
evidence  to  anyone  that  its  relationship  with  the  original  design  is 
that  of  the  poor  and  the  unwelcome.  The  building  was  designed 
without  a  shop-cornice,  and  why  1  For  the  simple  reason  that  a 
shop-cornice  was  wholly  foreign  to  the  purpose  of  the  architect. 

We  have  seen  that  polychromatic  decoration  engaged  the 
attention  of  this  architect.  It  was  part  of  his  system — his  scheme 
of  a  new  Greek.  His  system  was  based  upon  principles,  and  he 
demonstrated  that  these  principles  were  universally  applicable. 
Hence,  we  see  in  the  same  style  candelabra,  vases,  obelisks,  and 
other  monuments,  cast-iron  balustrading,  furniture,  (Jbc.  Some  of 
these  candelabra,  such  as  we  see  in  Union  Street,  and  at  the  church 
at  the  South-side  Park,  possess  great  originality  of  design,  a  happy 
combination  of  strength  of  outline  with  delicacy,  yet  vigour  of 
detail.  The  Union  Street  candelabrum  is  a  tripod  on  a  pedestal, 
the  tripod  and  the  pedestal  each  complete  in  itself  and  in  its 
relationship  to  the  other — "  So  with  two  seeming  bodies  but  one 
heart."  Of  vases,  there  is  the  magnificent  one  in  fire-clay,  designed 
for  the  London  Exhibition  of  1851,  and  of  which  you  may  see 
copies  in  the  windows  of  the  Garnkirk  Warehouse  in  Buchanan 
Street.  It  will  command  your  immediate  regard  by  its  originality 
and  power.  The  late  George  Mossman,  in  fine  sympathy  with 
the  architect,  enriched  it  with  a  sculptured  procession. 

Thomson's  monuments  are  characterised  by  great  breadth  of  treat- 
ment, dignity,  and  repose.  There  is  one  in  Sighthill  Cemetery,  on 
the  northern  side  of  the  great  avenue,  which  is  a  rare  example  of 
what  a  monument  ought  to  be — suggestive,  solemn,  integral,  and  yet 
not  in  its  severity  without  the  play  of  composition.  An  obelisk 
is  an  object  of  which  it  might  be  thought  that  the  lines  are  fixed 
and  unalterable.  But  even  to  the  obelisk  Thomson  gave  a  fresh 
charm ;  where  it  was  unimposing  in  size,  he  gave  to  it  an  interest 
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izL  beaatj.  One  whicii  he  designed  for  tbe  London  Exhibitioii  of 
1562  dmved  nmch.  of  its  expreasion  from  the  el^ance  of  its  entasis, 
indeD^uienciT  of  the  onuunent  with  whicii  it  was  enriched.  His 
caat-LTon  balnscruiiii;;  is,  like  all  else  that  came  from  his  pencil, 
distiii:r^hed  by  novel cy.  power,  and  grace.  I  maj  mention  the 
IvkliLatnuie  in.  the  staircase  of  Mr.  BLackie's  house,  Great  Western 
Terrace^  the  area  railing  in  Saint  Vincent  Place,  although  now 
it  wants  its  H:  i.-^Is,  and  the  railing  as  a  panel  in  the  gate  of 
Holoiwood  YiLLaL  It  is  the  same  with  all  the  accessories  to  a 
dne  art  arciiitectare.  The  rising  generation  is  now  familiar  with 
trusses,  friezes^  capitals*  ifcc^  that  to  us  older  architects  came  as  a 
clad  surprise.  I  have  been  ti>ld  that  the  varied  designs  bj  Mr. 
Thomson  of  tiie  honeysuckle-and-lotus  enrichment  would  of  them- 
selves make  a  conzsiderable  volume.  He  showed  design  even  in 
the  direction  of  a  flame  of  gas. 

It  is  obvious  that  whatever  object  on  which  Thomson  was 
employed — large  or  small,  a  temple  or  a  footstool — could  be  sub- 
jected to  his  own  moiie  of  treatment.  Of  the  classic  honeysuckle 
which  he  trained  on  the  doors  of  warehouses  and  city  dwellings, 
sprays  were  to  be  found  on  the  desk  or  on  the  carpet  His  system 
is  comprehensive,  all-embracing.  It  bears  no  evidence  of  any 
period  of  crudeness  or  immaturity,  of  a  time  of  growing ;  it  appears 
at  once  fully  digested  and  in  perfect  vigour — as  Athene  sprang 
from  the  brain  of  Jupiter,  of  a  full  stature  and  completely  armed. 
The  Thomsonic  style  embraces,  I  think  I  may  say,  the  conscientious 
use  of  the  true  elements  of  art — grouping,  massing,  light-and- 
shade,  static  equipoise,  rhythm,  relativity  of  parts  to  each  other 
and  to  the  whole,  beauty  and  appropriateness  of  detail,  the  keenest 
sense  of  proportion,  and  the  great  power  of  repose,  such  repose  as 
of  the  calm  sea  reflecting  the  calm  firmament  He  had  with  the 
rich  inventive  imagination  the  twin  constituent  of  genius,  the 
exact  and  all-governing  judgment  Genius  sees  its  own  limits. 
If  it  has  not  paced  all  its  perimeter,  it  knows  at  least  its  own 
diameter.  Judgment  deters  it  from  seeking  to  look  into  the 
unknowable.  If  its  range  be  within  a  garden  of  culture,  it  will 
not  Hcek  to  overleap  the  walls  that  it  may  explore  the  briars  and 
brambles  of  the  wilderness  beyond.  If  it  does  not,  like  Phsethon, 
set  the  world  on  fire,  it  is  because  judgment  deters  it  from  driving 
the  chariot  of  the  sun. 

Those  who  have  studied  Mr.  Thomson's  works  must  have  felt 
not  only  the  appropriateness  in  character  of  the  ornamentation, 
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but  also  the  nicety  of  the  degree  with  which  it  is  proportioned  to 
the  general  design.  It  is  never  obtrusively  displayed  and  made 
*'  a  feature  "  of ;  and,  although  of  inviting  interest,  alike  from  its 
originality  and  beauty,  it  is  less  dwelt  upon  as  an  especial  or 
individual  part  than  felt  as  a  pervading  and  gracious  presence  in 
the  whole.  Many  of  his  surfaces  are  exceedingly  rich ;  but  the 
ornamentation  is  almost  invariably  in  very  low  relief,  or  incised, 
never  detracting  from  the  breadth  of  the  plane,  or  disturbing  the 
outline  of  the  moulding.  His  decoration  is  as  proper  to  the 
design — as  native  to  it — as  is  moss  to  the  rosebud.  It  is  eminently 
the  right  thing  in  the  right  place,  designed  not  for  the  structure, 
far  less  upon  it,  but  with  it,  and  in  it ;  and  in  a  true  architecture, 
where  there  is  nothing  to  conceal,  much  less  to  disguise,  fulfilling 
only  its  legitimate  purpose — expression. 

Some  architects  put  their  names  on  their  buildings — Thomson's 
writes  itself. 

With  all  his  rare  ability,  there  was  nevertheless  one  important 
thing  which  Mr.  Thomson  wanted — opportunity.  As  has  been 
said,  there  is  a  difference  between  mental  and  material  great- 
ness, yet  genius  cannot  be  so  well  seen,  at  least  it  cannot  be 
so  much  noticed,  in  a  small  building  as  in  a  large,  in  a  building 
for  a  provincial  purpose  as  in  one  of  an  imperial  interest.  Mr. 
Thomson,  however,  made  designs  for  buildings  of  large  dimensions 
and  of  national  importance.  The  South  Kensington  Museum, 
had  it  been  built  from  Mr.  Thomson's  designs,  would  have,  to  say 
the  least,  ranked  high  among  the  grandest  Greek  buildings  in 
Europe;  the  design  for  the  London  Prince  Albert  Monument  showed 
the  colossal  bulk  with  the  sublimity  of  the  Egyptic  tempered  by 
the  subtle  proportioning  and  the  refiniug  graces  of  the  Greek. 

It  was  wont  to  be  the  boast  of  the  Gothic  apologists  that  Gothic 
was  the  only  style  suited  for  a  Christian  church,  and  that  in  this 
style,  *^  as  broad  and  general  as  the  casing  air,"  there  was  freedom 
enough  for  endless  variety,  while  in  classic — "cabin'd,  cribb'd, 
confin'd,  bound  in" — there  was  such  restraint  that  design  was 
restricted  to  commonplace  conventionality  and  its  wearisome 
repetitions.  By  Thomson's  wide  as  well  as  high  excursions  in 
inventiveness,  by  the  freshness  of  his  freedom,  by  the  rare  dignity, 
and,  it  might  be  said,  the  sacred  character  that  he  has  expressed 
upon  his  churches,  the  Gothic  boast  has  been  lowered  in  its  tone, 
if  indeed,  like  "  patronage,"  as  Carlyle  says  of  Johnson's  lettter  to 
Chesterfield,  there  has  not  been  proclaimed  of  it  that  it  should  be 
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no  more.  Mr.  Thomson  had  admiration  for  the  gennine  old 
Gothic  work,  although  he  had  little  sympathy  with  much  of  the 
new,  and  had  he  been  spared,  it  was  his  intention  to  have  visited 
several  of  the  great  English  cathedrals,  one  of  his  objects  being 
study  for  the  continuation  of  his  lectures.  Of  Thomson,  as  an 
art-critic,  it  is  not  within  the  purpose  of  this  paper  to  speak ; 
suffice  it  that  **  his  precepts  teach  but  what  his  works  inspire." 
In  his  Haldane  Academy  lectures  his  pen  is  as  fresh  and  as 
forcible  as  is  his  pencil  on  the  Saint  Vincent  Street  tower  or  the 
Union  Street  cornice. 

I  have  incidentally  given  Mr.  Roger  Smith's  estimate  of  Mr. 
Thomson's  genius.  The  late  Mr.  Burges  said  at  a  meeting  of  the 
London  Architectural  Association — "  Let  me  ask  you  to  devote 
some  time  to  the  drawings  of  Mr.  Thomson  of  Glasgow.  They 
represent  buildings  in  Greek  architecture,  but  certainly  the  best 
modern  Greek  architecture  it  has  ever  been  my  lot  to  see ;"  and 
Mr.  Moyr  Smith,  than  whom  few  are  more  intimately  acquainted 
with  Greek  art,  wrote  in  Tlie  Building  News  in  1875 — "If  a 
man  has  the  Lead-power  he  can  use  a  style  and  adapt  it  to  him- 
self;  if  not,  he  adapts  himself  to  the  style.  From  materials 
supplied  by  a  far  less  promising  and  far  less  tractable  style  than 
the  English,  Mr.  Thomson  of  Glasgow  was  able  to  produce  perfect 
specimens  of  civic  and  domestic  architecture,  which  were  at  the 
same  time  perfect  as  specimens  of  advanced  Greek,  which  is  rather 
extraordinary,  as  everybody  thought  that  Greek  was  perfected  a 
couple  of  thousand  years  ago.  Mr.  Thomson's  life  and  practice, 
it  is  true,  were  different  from  that  of  many  of  our  architects.  He 
was  acquainted  more  or  less  with  all  styles,  and  selected  Greek 
as  the  basis  of  his  future  work ;  he  mastered  the  style,  was 
thoroughly  imbued  with  the  Greek  feeling,  and  gathering  kindred 
riches  from  sources  unknown  to  or  overlooked  by  the  later  Greeks, 
the  style  advanced  in  Hexibleness  and  fulness  of  design  under  Mh 
hands.  His  steady  progress  must  have  amply  repaid  him  for  the 
sacrifices  he  made,  and  the  consciousness  of  reviving  and  carrying 
out  a  style  till  it  reached  the  splendid  culmination  shown  in  the 
Union  Street  building  and  Saint  Vincent  Street  Church,  was, 
rightly  considered,  a  reward  greater  than  has  been  vouchsafed  to 
any  other  architect  of  this  century." 

An  appreciative  criticism  by  a  Mr.  D.  Thomson — not,  I  under- 
stand, the  worthy  member  of  this  Society — appeared  in  The 
Architect  of  19th  November,  1886 — "In  the  works  of  the  late 
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Mr.  Alexander  Thomson,  we  have  a  fine  series  of  designs  of  a 
character  so  unique  and  excellent  as  to  excite  our  wonder  at  the 
fertility  of  his  inventive  faculties  and  our  admiration  at  the 
beauty,  richness,  and  vigour  of  his  handling.  In  all  of  them  he 
set  himself  to  adapt  the  principles  of  Greek  art  to  modern  require- 
ments, without  any  pedantic  borrowing  of  their  features.  Indeed, 
it  is  quite  surprising  how  seldom  we  find  in  his  works  the  orders 
reproduced,  with  their  details  strictly  conforming  to  the  ancient 
remains.  He  more  frequently  originates  some  form  of  column 
and  capital  designed  to  meet  the  special  requirements  he  had  to 
deal  with,  or  to  conform  to  the  character  of  the  impression  he 
wished  the  building  to  convey  ;  but  where  he  has  used  the  ordei*s 
they  are  appropriately  placed,  finely  proportioned  and  detailed, 
with  carefully-adjusted  relief,  the  wall-space  behind  being  kept 
subdued  in  tone,  with  no  disturbing  objects  in  it  to  mar  the 
repose  and  quiet  dignity  of  the  design.  The  multiplicity  and 
the  variety  of  the  details  and  forms  he  introduced  into  his  works, 
and  the  singular  gi-ace  and  unity  of  effect  he  maintained  through- 
out, are  deserving  of  our  most  careful  consideration,  showing,  as 
they  do,  that  to  adopt  a  style  does  not  necessarily  imply  that  only 
those  marked  features  and  peculiarities  of  detail  and  combinations 
which  are  found  in  the  original  works  are  to  be  reproduced,  but 
that  new  forms  and  details  may  freely  be  employed,  provided  we 
have  skill  enough  to  maintain  the  spirit  and  essential  qualities  of 
the  style.  Of  none  of  his  designs  can  it  be  said  that  tbey  are 
very  like  the  old  work,  a  term  of  praise  we  often  hear  applied  to 
the  works  of  our  best  men  of  mediaeval  proclivities ;  but,  whilst 
they  differ  from  the  works  of  the  Greeks  as  distinctly  as  the 
nature  of  our  requirements  do  from  theirs,  they  agree  with  them  in 
the  adaptation  of  forms  to  the  purposes  they  subserve — the  grouping 
of  the  parts  into  forms  in  which  the  horizontal  lines  predominate, 
the  clear  marking  of  the  voids,  the  precision  of  the  distribution, 
and  the  graceful  adjustment  of  light  and  shade,  with  strength  and 
placidity  as  a  general  expression.  Only  by  the  adoption  of  such 
principles  as  these  can  building  be  raised  into  a  fine  art.  His 
churches  in  Saint  Vincent  Street  and  Caledonia  Road,  Glasgow, 
are  in  his  best  manner,  while  the  various  warehouses  and  other 
street  buildings  by  his  hand  are  all  marked  by  the  same  elegance 
and  refinement  of  detail,  and  display  the  abundance  of  his  resources 
in  design,  and  his  power  of  impressing  on  them  his  own  ideal  per- 
ception of  art." 
Vol.  XIX.  o 
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X. — Early  Sculpture  in  Scotland.      By  Robert  Brtdall, 
St.  George's  Art  School,  Glasgow. 


[Read  before  the  Architectural  Section,  13th  February,  1888.] 


In  the  great  unhewn  blocks  of  stone  still  to  be  found  standing  in 
various  parts  of  Scotland,  sometimes  singly,  at  other  places  in 
groups  forming  parts  of  circles,  and  more  seldom  in  parallel  rows, 
we  see  in  the  most  remote  antiquity  the  primitive  intentions  of 
the  later  sculptor's  art.  Theories  hitherto  have  failed  to  account 
satisfactorily  for  the  erection  of  these,  but  it  is  not  unreasonable 
to  suppose  that,  in  many  cases,  single  stones  of  this  kind  were 
placed  to  identify  some  spot  remarkable  for  a  victory  gained  or 
defeat  experienced,  or  over  the  grave  of  a  fallen  hero  whose  actions 
were  thus  meant  to  be  commemorated  by  his  successors,  whose 
stone  implements  were  inadequate  to  do  more  than  separate  the 
monument  from  its  quarry.  As  civilisation  progressed,  and  tools 
of  metal  began  to  supersede  the  smaller  ones  of  stone,  efforts  were 
made  to  enrich  these  stones  with  some  kind  of  symbolic  markings. 
What  are  supposed  to  be  the  earliest  attempts  are  circular  cup- 
shaped  hollows  irregularly  sunk  on  the  rough  face  of  the  stone, 
succeeded  by  incised  designs  of  strange  curvature,  as  circles  within 
circles,  suggestive  of  the  tattoo  forms  of  the  natives  of  New 
Zealand,  and  other  symbols  more  or  less  ornate,  the  meanings  of 
which  still  baffle  the  research  of  the  most  ingenious  investigator. 
So  far  back  as  traditional  or  written  history  goes,  their  purpose 
and  meaning  have  been  forgotten.  The  cairns,  barrows,  and  other 
similar  monuments,  by  their  nature  and  contents,  not  only  tell 
their  intentions,  but  throw  faint  light  on  something  of  the  habits 
and  customs  of  the  people  who  constructed  them ;  the  flat  supported 
stones,  sometimes  encircled  by  others,  such  as  the  great  Ring  of 
Broidgar  in  Stennis,  permit  us  to  guess  them  as  being  places  of 
assembly  for  judicial  or  other  purposes;  the  runes  on  other  monu- 
ments of  a  later  period  have  been  deciphered  by  the  patient  study 
of  the  archaeologist,  but  the  first  rude  attempts  at  carved  symbol- 
ism are  still  as  unreadable  to  us  as  a  page  of  one  of  our  books 
would  have  been  to  the  primeval  sculptor. 
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It  has  been  supposed  that  some  of  the  still  remaining  sculptured 
stones  replaced  the  rude  monoliths  of  an  earlier  date,  probably 
before  the  causes  of  the  erection  of  the  latter  were  quite  forgotten, 
and  it  has  also  with  more  reason  been  conjectured  that  some  of 
these  in  their  turn  were  replaced  by  early  Christian  monuments 
and  crosses.  On  the  same  principle  Christian  churches  were 
erected  on  Pagan  sites,  and  heathen  symbols  were  combined  with 
those  of  Christianity.  The  earliest  historical  reference  to  the 
sculptured  stones  of  Scotland  occurs  in  the  writings  of  Boece  (who 
had  a  faculty  for  inventing  stories),  in  which  he  says  that  King 
Beutha,  about  two  hundred  years  B.C.,  ''was  the  fii*st  king  amang 
the  Scottis  that  fand  ingyne  to  put  nobill  men  for  thair  valzeant 
dedes  in  memory,  and  maid  riche  sepulturis  for  the  bodies  of  thaim 
that  war  slane  be  Britonis  in  defence  of  this  realme.  He  com- 
mandit  als  monie  hie  stanis  to  be  set  about  the  sepulture  of  every 
nobill  man  as  was  slain  be  him  of  Britonis.  In  memory  heirof, 
aindry  of  thaim  remanis  yet  in  the  hielandis,  that  the  pepill  may 
knaw  sic  men  war  vailzeant  in  thair  dayis,  throw  quhilk  it  came 
in  use  that  the  sepulturis  of  nobill  men  was  halden  in  gret  rever- 
ence amang  the  pepill.  On  thir  sepulturis  was  ingravin  imageris 
of  dragonis,  wolfis,  and  other  beistis;  for  no  inventioun  of  letteris 
was  in  thay  dayis  to  put  the  deidis  of  nobill  men  in  memore." 
The  same  writer  in  "The  New  Maneris  and  the  Auld  of  Scottis,*' 
says — "Theyusit  the  litis  and  maneris  of  the  Egyptianis,  fra 
quhome  they  tuk  thair  first  beginning.  In  all  thair  secret  besiness 
they  usit  not  to  writ  with  common  letteris  usit  amang  other  pepil, 
but  erar  with  sifarsand  figuris  of  bestis  maid  in  maner  of  letteris; 
sic  as  thair  epithafis  and  superscriptioun  abone  thair  sepulturis 
schawls:  nochtheles  this  crafty  maner  of  writing  be  quhat  sleuth 
I  can  not  say  is  perist ;  and  yet  they  have  certane  letteris  propir 
amang  thaimself  quhilkis  war  sum  time  vulgar  and  commoun." 

Antiquarian  research  has  shown  that  while  there  are  some 
characteristics  common  to  all  the  sculptured  stones  and  crosses  of 
Ireland,  Wales,  the  Isle  of  Man,  &c.,  those  of  Scotland  bear  most 
strongly  the  impress  of  Irish  art  prior  to  the  eleventh  century. 
They  also  give  evidence  of  a  more  intimate  intercourse  and  com- 
munity of  customs  between  the  natives  of  Scotland  and  Ireland 
than  obtained  between  those  of  the  northern  and  southern  paits 
of  Great  Britain ;  and,  in  addition,  they  cannot  safely  be  ascribed 
to  Danish  or  Norwegian  settlers.  Many  of  the  crosses  on  the 
Isle  of  Man  closely  resemble  the  Scotch,  as,  indeed,  do  some  of 
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the  early  stone  carvings  of  other  countries ;  but  in  none  of  the 
Danish  stones  in  Man  or  Scandinavia  do  the  symbols  so  frequent 
on  the  Scottish  pillars  appear.  Bunic  inscriptions  on  some  of 
those  in  Man  not  only  tell  the  purpose  of  their  erection,  but  also 
bear  the  Scandinavian  names  of  the  persons  concerned.  Thus 
"  ♦  *  *  this  to  his  father  Ufeig,  but  Gaut  Bjomson  made  it," 
appears  on  one ;  on  another,  "  Oter  erected  this  cross  to  Froga 
his  father,  but  Thorbiom  son  of  *  *  *  "  was  probably  followed 
by  the  name  of  Thorbiorn's  father,  and  the  words  "  made  it.'* 
Regarding  these,  Mr.  Worsaae  says  that  one  sees  "  every  reason 
to  conclude  that  the  splendid  specimens  in  Man  were  carved  by 
Norwegians,  who,  though  they  imitated  the  monuments  in  vogue 
in  Scotland,  frequently  allowed  their  own  characteristically  fanciful 
ideas  to  display  themselves  in  peculiar  devices.'* 

In  Adamnan's  life  of  Columba,  instances  are  given  of  the  occa- 
sion of  the  erection  of  two  of  the  once  numerous  crosses  in  lona. 
It  is  related  of  Ernan,  the  friend  of  the  saint,  that,  on  being  seized 
by  a  fatal  illness,  he  desired  to  be  carried  to  Columba ;  before  his 
wish,  however,  was  fulfilled,  that  he  should  die  beside  his  friend, 
he  expired  near  to  the  gate  Canabae,  in  front  of  which  a  cross 
was  erected  to  commemorate  the  event.  The  other  instance  refers 
to  the  erection  of  a  cross  on  the  wayside,  at  a  spot  where  Columba 
rested  on  returning  from  blessing  a  bam,  shortly  before  his  death. 
In  further  illustration  of  the  same,  it  is  chronicled  as  having  been 
the  custom  of  St.  Kentigem  to  erect  a  cross  at  any  place  where  he 
had  made  converts  ;  a  large  one  was  thus  erected  at  Glasgow,  and 
another  at  Borthwick.  When  St.  Cuthbert  withdrew  from  the 
Monastery  of  Dull,  in  Athole,  his  first  work  was  to  erect  a  great 
stone  cross  at  his  mountain  retreat  on  Doilweme ;  and  in  Ireland, 
in  corroboration  of  what  has  already  been  said,  the  custom  is 
mentioned  of  St.  Patrick  having  consecrated  the  existing  heathen 
stone  pillars  to  Christian  uses,  which  were  followed  by  the  erection 
of  crosses  in  their  stead. 

Among  the  devices  which  appear  on  the  rude  pillars,  oblong 
slabs,  and  in  some  cases  on  erect  cruciform  stones,  one  of  the  most 
common  is  what  is  known  as  the  "  spectacle "  ornament,  formed 
by  two  circles,  sometimes  enclosing  others  more  or  less  complicated, 
connected  by  a  bar  of  horizontal  or  curved  lines,  and  occasionally 
traversed  by  the  "  sceptre,"  as  it  is  called,  in  the  form  of  the 
letter  Z  reversed,  its  extremities  being  variously  foliated.  Among 
other  symbols  are  serpents ;  single  and  double  crescents  variously 
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arranged,  sometimes  in  combination  with  varied  forms  of  the 
sceptre ;  mirrors,  frequently  accompanied  by  combs  (supposed  to 
indicate  the  grave  of  a  virgin);  horse-shoe  and  torque-shaped 
figures,  fishes,  walrus,  and  elephantine-looking  animals,  often 
enriched  with  interlaced  work,  and  numerous  other  figures 
of  a  more  intelligible  meaning,  such  as  hammers  and  anvils  and 
tongs.  In  suppoH  of  the  assumption  that  these  now  unintelligible 
forms  had  a  definite  meaning,  it  has  to  be  noted  that,  while  similar 
figures  continually  occur  on  difiTerent  stones,  the  arrangement 
continually  varies,  as  well  as  the  filling  in  with  other  lines  and 
details.  In  some  cases  the  sceptre  is  found  twice  or  thrice 
repeated  on  the  same  stone,  and  in  each  case  with  a  slight  change 
of  form. 

With  regard  to  some  of  these  symbols,  they  are  by  no  means 
confined  to  sculptured  stones.  Thus,  the  "spectacle"  and  "sceptre," 
with  a  scrolled  animal's  head,  appears  on  an  oval-shaped  silver 
plate  of  about  three  inches  in  length,  forming  a  portion  of  what  is 
known  as  the  silver  armour  of  Norrie's  Law.  A  corresponding 
circle,  similarly  divided  to  one  of  the  usual  forms  on  the  spectacle, 
is  carved  on  a  piece  of  ash  wood  about  five  inches  square,  which 
was  found  along  with  a  canoe  and  paddle  in  a  crannog  at  Loch  Lee. 
The  use  of  either  of  these  objects  is  unknown.  It  is  sufficiently 
intelligible  that  an  emblem  of  the  occupation  or  character  of  the 
deceased  should  be  engraven  on  the  stone  marking  his  final  resting 
place.  That  a  sword  might  appropriately  mark  the  grave  of  a 
celebrated  swordsman  or  serve  as  an  emblem  of  his  rank ;  an  armed 
figure  tliat  of  a  warrior  renowned  for  his  prowess;  or  a  hunt  that 
of  a  famous  hunter,  is  clear  enough;  but  the  continual  recurrence 
of  similar  combinations  of  mere  lines,  circles,  and  tolerably  skilful 
carvings  of  animals  of  known  species,  all  point  to  the  existence  of 
a  language  of  symbols,  the  key  to  which  is  yet  to  be  discovered. 

At  what  is  probably  a  later  date  than  the  first  use  of  these 
devices,  figures  often  occur — robed  priests,  sometimes  with  peaked 
beards,  armed  figures  on  horseback  or  shooting  with  bows  and 
arrows,  others  seated  as  if  in  judgment,  in  procession  with  oxen, 
or  being  devoured  by  animals,  with  an  innumerable  variety  of 
gi'otesque  monsters,  many  of  the  animals  being  then  unknown  in 
Scotland,  and  the  representations  of  which  bear  evidence  that  the 
artist  was  reproducing  a  traditional  form  which  he  had  never  seen 
in  reality.  Whilst  there  is  in  these  early  efibrts  a  total  absence  of 
the  delicacy  and  elegance  which  are  observable  in  the  southern 
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sculptor's  art  of  the  same  period,  and  which  was  nurtured  under 
Byzantine  influence,  thej  are  extremely  interesting  as  a  reflection 
of  the  character  of  a  semi-barbarous  people,  besides  being  full  of  a 
rich  fancy,  finding  its  expression  in  the  representations  of  struggles 
between  man  and  the  lower  animals  as  if  contending  for  the  right 
of  living  and  possession  of  the  land.  Here  and  there  we  find 
groups  which  may  safely  be  associated  with  the  labours  of  the 
early  missionaries  of  the  Christian  religion;  thus,  a  repeatedly- 
occurring  representation  of  a  figure  standing  or  sitting  between 
leonine  animals  points  unmistakably  to  the  story  of  Daniel  in  the 
den  of  lions — a  story  which  would  appeal  strongly  to  the  feelings 
of  a  semi-civilised  people,  and  serve  the  early  missionaries  as  a 
striking  illustration  of  Divine  protection  under  circumstances  of 
extreme  personal  danger. 

The  interlaced  work  so  common  on  old  stone  crosses  and 
sepulchral  slabs  (which  had  its  prototype  and  probable  origin  in 
early  Irish  work,  continued  long  afterwards,  and  still  perpetuated 
in  Highland  ornamentation),  gradually  came  to  be  associated  in 
some  districts  with  a  Norman  chai*acter,  presumably  from  the 
taste  and  skill  of  some  of  those  adventurers  who  found  their  way 
northwards  in  the  eleventh  century,  soon  after  the  Norman 
Conquest  of  England.  Crosses  and  other  stone  carvings  are 
frequently  to  be  met  with  bearing  this  changed  character,  and  a 
very  notable  example  of  the  mixture  of  Celtic  and  Norman  sculpture 
occurs  on  the  beautiful  and  interesting  little  twelfth-century 
church  of  Dalmeuy.  In  this  fine  specimen  of  old  architecture, 
while  Norman  sculptors  may  possibly  have  been  employed,  the 
native  Celtic  art  is  perpetuated,  especially  on  the  fiat  inner 
moulding  on  the  main  entrance  doorway,  on  which,  as  well  as  in 
the  intervals  between  the  projecting  heads  on  the  outer  moulding, 
appear  the  hippocampus  and  other  curious  animals  so  often 
occurring  on  Celtic  stones,  these  being  probably  by  local  carvers, 
and  meant  to  preserve  Celtic  symbolism  and  tradition.  The 
absence  of  Saxon  influence  on  early  Scottish  sculpture  is  at  the 
same  time  worthy  of  notice.  Traces  and  remains  of  Saxon 
sculpture  are  extremely  rare  in  Scotland,  and  confined  exclusively 
to  the  more  southern  counties,  such  as  Dumfriesshire,  where  an 
interesting  specimen  in  the  form  of  the  shaft  of  a  Saxon  cross  was 
discovered  in  Hoddam  Church  in  1815. 

Probably  the  earliest  .specimens  of  ecclesiastical  sculpture  which 
we  possess  are  those  on  the  Celtic  tower  at  Brechin.     Rude  and 
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small  (some  twenty  inches  or  so  in  height),  they  consist  of  a  cruci- 
fixion in  the  position  which  the  keystone  would  occupy  on  a  larger 
arch,  the  figure  of  an  ecclesiastic  on  the  jambs  at  each  side,  and  two 
crouching  animals  of  a  Celtic  character.  The  date  of  the  tower  is 
somewhat  uncertain ;  some  authorities  claim  it  as  a  work  of  the 
eighth  century,  but  perhaps  it  would  be  safer  to  assume  it  as 
having  been  built  two  or  three  hundred  years  later,  contempo- 
raneously with  the  commencement  of  the  church  to  which  it  is 
attached.  In  any  case  the  work  must  be  put  down  to  a  very 
remote  antiquity,  certainly  prior  to  the  thirteenth  century.  The 
crucified  figure  is  not  cross-legged,  the  crossing  of  the  limbs 
seemingly  not  having  been  adopted  in  such  representations  prior 
to  the  early  part  of  the  fourteenth  century.  A  similar  doorway, 
but  more  rudely  executed,  appears  on  the  tower  of  Donoughmore 
in  Ireland,  on  which,  however,  there  are  only  heads  on  the  jambs. 
Among  other  work  of  that  far  back  period,  not  now  existing,  I 
may  mention  a  little  church  at  Abernethy,  of  probably  the  eighth 
century,  on  which  the  nine  virgins  and  the  miracles  of  Dovenald 
are  said  to  have  been  sculptured. 

In  the  twelfth  century  David  the  First,  in  the  foundation  of 
bishoprics,  and  the  building  and  endowment  of  numerous  monas- 
teries at  the  expense  of  grants  of  land  out  of  his  patrimony,  must 
have  been  the  means  of  producing  many  pieces  of  sculpture ;  but 
in  the  splendid  edifices  which  he  is  said  to  have  originatod,  hardly 
any  vestiges  remain  of  sculptured  figures,  and  these  are  of  the 
least  important  kind.  There  is  absolutely  nothing  of  this  class 
at  Kelso  or  Jedburgh.  A  stone  font  decorated  with  coiled 
dragons,  and  one  or  two  insignificant  fragments  of  the  period 
remain  at  Dry  burgh.  At  Melrose  a  few  decorated  mouldings, 
small  figures,  and  a  Madonna  and  Child,  much  broken  but  of  great 
elegance,  no  doubt  owe  their  preservation  to  the  almost  inaccessible 
positions  which  they  occupy ;  but  even  these  must  be  assigned  to 
a  much  later  date.  There  is  a  close  resemblance  between  the 
Madonna  and  similar  French  work  of  the  period,  especially  that 
on  Rheims  Cathedral,  suggestive  of  the  idea  that  it  is  of  French 
workmanship. 

From  David's  time,  the  old  Celtic  art  lost  its  sway,  to  be  suc- 
ceeded by  the  Norman  or  ecclesiastic.  The  cry  for  reformation 
seems  to  have  been  uttered  then  as  well  as  now,  although  not  so 
loudly.  The  brotherhoods  of  St  Serf  and  the  Culdees  were 
saperaeded  by  monasteries.     New  relations  began  to  take  form 
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in  different  parts  of  the  country,  by  which  the  comparatively 
uncivilised  north  and  west  continued  to  remain  isolated,  while  the 
southern  parts  of  the  kingdom  became  more  important  as  places 
of  strength  for  defending  the  country  from  English  incursions. 
Thus  the  Lothians  and  the  more  southerly  debateable  lands 
gradually  became  consolidated  into  the  kingdom  of  Scotland. 
However  rapidly  these  changes  may  have  been  effected,  they  did 
not  all  at  once  affect  the  art ;  and  in  the  northern  parts  of  the 
kingdom  there  still  exist  numerous  specimens  of  a  high  order, 
many  of  which  are  of  a  later  date  than  that  of  King  David. 
Sepulchral  figures  in  the  style  and  costume  of  this  period  are 
exceedingly  frequent,  but  many  of  them  are  of  comparatively 
recent  execution,  as  the  later  highland  chief  seems  to  have  had  a 
fondness  for  appearing  in  his  ef^gy  in  the  character  of  a  Norman 
knight.  In  the  outlying  districts  of  Argyleshire  and  other 
northern  localities,  the  gradual  transition  of  the  art  can  best  be 
studied  in  such  scattered  vestiges,  and  the  teaching  of  the  Christian 
religion  as  a  message  of  peace  becomes  manifest  on  tombs  of 
ancient  warriors.  The  figures  of  helmeted  knights  grasping 
spears  are  to  be  found  alongside  those  of  saints  and  ecclesiastics, 
and  others  of  a  later  date  are  shown  in  the  act  of  returning  their 
swords  to  their  sheaths,  their  battles  being  over  and  a  life  of  rest 
about  to  begin — different  frum  the  old  Norse  ideas  of  daily  fights 
and  nightly  carouses.  These,  again,  were  succeedetl  by  others,  on 
which,  under  a  more  matured  form  of  Christianity,  the  sword  is 
left  undisturbed  in  its  scabbard,  the  head  clad  only  in  the  bassinet 
and  camail,  resting  on  helm  or  cushion,  the  eyes  closed,  and  the 
hands  pressed  together  in  prayerful  action,  with  a  lion  or  other 
animal  writhing  under  the  armed  heel. 

The  thirteenth  and  fourteenth  centuries  were  times  of  such 
trouble  and  strife  in  Scotland  that  one  would  not  expect  to  find 
much  appreciation  of  art  in  any  form  existing ;  but  in  spite  of 
this,  and  poor  as  the  country  is  sometimes  represented  to  have 
been,  there  is  abundant  evidence  to  prove  that  at  least  a  love  of 
magnificence  was  often  possessed  by  its  nobles.  Among  other 
instances  which  might  be  referred  to  is  that  of  the  great  hall  of 
Randolph  Murray's  castle  of  Tamaway,  the  ceiling  of  which  was 
carved  and  decorated,  and  such  tombs  as  those  of  the  Douglases, 
which  still  retain  fragments  of  the  original  painting  and  gilding, 
not  only  on  the  figures  but  also  on  the  escutcheons  on  the  walls. 
Neither  must  it  be  forgotten  that  in  the  Treasurer's  accounts  of 
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the  period  there  appear  such  native  names  as  Thomas  of  Strath- 
earn,  Friar  Thomas  Lorimer,  and  John  of  Aberdeen,  in  connection 
with  artistic  work  of  other  kinds ;  also,  when  there  were  Scottish 
natives  found,  as  seems  to  have  been  the  case,  capable  of  executing 
such  seals  as  those  of  Robert  the  Second,  it  may  reasonably  be 
admitted  that  Scottish  artists  may  often  have  been  employed  in 
the  production  of  sculpture. 

Of  the  now  lost  specimens  of  the  art  of  monumental  sculpture 
reference  may  be  made  to  the  tomb  of  Mary  de  Couci,  the  second 
wife  of  Alexander  the  Second,  who  was  buried  in  Newbattle 
Abbey.  Regarding  this  Father  Hay  writes,  "  in  the  midst  of  the 
church  was  seen  her  tomb  of  marble,  supported  by  six  lions  of 
marble,  and  a  human  figure  reclining  on  the  tomb,  surrounded  by 
an  iron  railing."  Barbour,  in  his  history  of  the  Bruce,  tells  us 
how,  when  the  great  monarch  died,  he  was  "  solemply  erdyt  in  a 
fayre  tumb,  in  ^ill  the  quer  "  of  Dunfermline  Abbey.  The  care- 
fully-kept Exchequer  Rolls  of  the  period  record  the  fact  that  the 
tomb  was  executed  in  Paris  by  a  Richard  Barber,  from  whence  it 
was  sent  via  Bruges,  at  the  cost  of  £13  6s.  8d.  (modem  money) 
— a  further  disbursement  being  made  in  the  same  year,  1329,  to 
'^  Johanni  de  Lithcu  [Linlithgow]  pro  expensis  faciendis  circa 
sepulturam  regis."  The  tomb  was  erected  in  the  August  following 
the  June  in  which  the  king  died,  from  which  short  interval  it  may 
be  inferred  that  he  had  it  in  preparation,  anticipating  the  near 
approach  of  his  death.  Some  fragments,  believed  to  have  been  a 
portion  of  the  tomb,  were  unearthed  on  the  discovery  of  the  body 
in  1817-1818,  which  are  described  as  being  "elegantly  chiselled 
into  different  small  compartments  resembling  Gothic  arches,  the 
ornamental  parts  being  gilded." 

It  is  interesting,  as  well  as  curious,  regarding  David  the  Second, 
who  introduced  some  Italian  art  workmen  into  this  country,  that 
tradition  formerly  indicated  him  as  having  handled  the  sculptor's 
chisel  to  pass  away  some  of  the  weary  houi*s  during  his  captivity 
in  England.  Speed,  who  was  living  in  1611,  describes  a  vault 
under  Nottingham  Castle  which  was  remarkable  in  his  time  for 
having  our  Lord's  passion  cut  on  its  walls,  the  work,  it  was  then 
said,  of  the  royal  captive.  The  second  Robert,  whose  reign  links 
the  fourteenth  with  the  fifteenth  century,  like  his  great  ancestor, 
gave  instructions  for  the  preparation  of  his  monumental  tomb 
during  his  lifetime ;  and  the  fact  is  recorded  that  the  monument, 
which  was  in  the  first  instance  brought  from  England  by  sea,  was 
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sculptured  by  Nicholas  Haen,  the  king's  mason,  and  further 
decorated  at  Holvrood  by  Andrew  the  painter.  It  was  afterwards 
conveyed  by  water  from  Leith  to  Perth,  and  deposited  in  the 
church  of  St.  John,  where  it  remained  till  required  for  the  inter- 
ment at  Scone. 

The  very  close  relations  existing  so  long  between  Scotland  and 
France,  as  well  as  the  patronage  bestowed  upon  artists  by  James 
the  Third  and  James  the  Fourth,  tended  largely  to  the  cultivation 
of  taste  in  Scotland,  although  some  of  the  followers  of  the  first  of 
these  kings  did  not  permit  their  taste  for  art  to  hinder  them  from 
hanging  Cochran  over  the  parapet  of  London  Bridge.  It  may  be 
accepted  as  certain  that  sculptors  and  sculpture  were  imported 
from  abroad,  as  was  the  case  with  painters  and  pictures.  On  the 
other  hand,  there  is  an  instance  of  two  Scotchmen  having  been 
employed  by  the  Duke  of  Burgundy,  as  painters  and  carvers  of 
images  in  the  fifteenth  century.  The  curious  Ledger  of  Andrew 
Halybui-ton,  a  Scottish  merchant  located  at  Middleburg  from  1493 
till  1504,  and  who  held  the  office  of  Conservator  of  the  Privileges 
of  the  Scottish  Nation  in  the  Netherlands  (consul,  as  we  would 
now  define  him),  gives  evidence  of  some  such  importations.  Men- 
tion is  therein  made  of  John  of  Pennicuik  having  imported  an 
image  of  St.  Thomas  k  Beckett  bought  from  a  painter  in  Antwerp, 
and  entries  also  occur  of  the  shipment  of  tombstones  from  Middle- 
burg to  Scotland. 

Of  about  the  same  date,  some  details  are  preserved  of  the 
construction  of  the  tomb  of  James  the  Third,  the  Treasurers 
accounts  of  which  illustrate  the  scope  of  work  practised  by  the 
artist  of  that  period.  Under  date  15th  March,  1501-2,  appears 
the  item  of  fourteen  shillings  "  to  David  Prat  and  the  masomiis 
that  hewis  the  lair  in  Cambuskennethe,  of  drinksilver '"  on  the 
12th  June  followin>2f  a  further  payment  is  ^^gifien"  to  the  same 
"  quhen  he  began  the  laying  of  the  lair ;"  to  **  David  Prat  and 
the  masounis  that  workis  laying  of  the  lair ;"  *^  to  David  Pi*at  to 
buy  colouris  to  the  kingis  lair  ;*'  "  to  David  Prat  payntour  in  part 
of  payment  for  the  making  of  the  kingis  sepeltur ;"  on  5th  July, 
1508,  eighteen  shillings  "to  the  Almanye  [Fleming  or  German] 
that  suld  mak  the  kingis  lair  in  Cambuskennethe  in  roarbile;" 
and  a  last  payment  on  the  7th  July  "  to  the  Abbot  of  Tungland 
to  gif  the  man  that  suld  mak  the  kingis  lair.''  This  extract  is  one 
of  many  which  might  be  made  illustrative  of  the  variety  of  work 
executed  or  superintended  by  the  old  carver,  painter,  or  sculpton 
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The  term  *< mason"  must  be  interpreted  in  a  very  wide  sense. 
Kegarding  the  various  degrees  of  mason,  master  mason,  king's 
mason,  and  king's  master  mason,  we  are  to  understand  the  term 
master  mason  as  only  applying  to  a  skilful  workman,  in  distinction 
from  an  ordinary  one.  Thus,  in  the  disbursements  for  ^'  taking  doune 
the  Auld  Oroce  and  building  the  New"  in  Edinburgh  in  1617,  seven 
or  eight  master  masons  are  specified  who  were  paid  from  £4.  to 
j£4  13s.  4d.  per  week,  the  ordinary  being  rated  at  from  £2  10s.  to 
£3  128.  In  these  operations  a  John  Taliphere  was  the  principal 
one  employed.  The  name  of  John  Milne  also  occurs,  the  same 
who  was  subsequently  appointed  principal  master  mason  to  the 
king  on  the  decease  of  William  Wallace  in  1631 ;  and  one  of  a 
long  succession  in  the  same  family  similarly  employed,  the  most 
prominent  of  whom  was  Robert,  so  well  known  in  later  times  as 
an  architect. 

Specimens  of  early  figure  sculpture  in  Scotland  are  almost 
exclusively  confined  to  the  effigies  on  monumental  tombs,  many 
of  which  have  unfortunately  been  destroyed  or  allowed  to  decay  ; 
those  which  remain  have  probably  to  some  extent  been  preserved 
either  from  respect  to  the  families  with  which  they  were  con- 
nected, or  a  feeling  of  superstition  in  desecrating  a  burial  place. 
Among  those  from  the  thirteenth  century  onwards,  which  have 
been  spared  us,  may  be  mentioned  the  effigy  of  Marjory  Abemethy, 
the  lady  of  the  good  Sir  James  Douglas,  who  died  in  1259,  in  the 
Old  Kirk  of  St.  Bride  of  Douglas.  On  the  floor  of  the  Chapel 
of  St.  Mary  in  Bute,  in  a  state  of  most  disgraceful  neglect,  is  a 
figure  of  a  chief,  rapidly  decaying,  in  pools  of  gathered  rain.  Of 
a  ruder  style,  are  two  figures  on  the  Poltalloch  tombs,  and  several 
in  Zona.  Similar  specimens  exist  in  scattered  localities,  and  in 
many  out-of-tbe  way  places  old  graveyards  are  literally  paved 
with  stones,  probably  of  the  same  period,  covered  with  accumula- 
tions of  soil  and  rank  grass,  such  as  those  at  Kilmartin  and 
near  the  terminus  of  the  Crinan  Canal.  Among  the  Douglas 
tombs  is  an  interesting  effigy  of  the  good  Sir  James,  who  was 
killed  by  the  Moors  in  1330,  but  this,  like  the  others,  has  been 
sadly  mutilated — it  is  said  by  the  Cromwellian  dragoons.  In  the 
same  place  are  two  fine  canopied  tombs,  still  bearing  traces  of 
their  former  gilding  and  painting.  One  of  these,  very  much 
restored,  contains  the  decayed  figure  of  Archibald  Douglas,  5th 
Earl,  2nd  Dake  of  Tourraine,  and  Marshal  of  France  (died  1438), 
with  five  remaining  out  of  six  small  upright  canopied  figures  on 
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the  hdfle,  cxtmnei j  qnaint  and  elabonte.  The  otiier,  whi^  is 
k-sH  elaborate,  bat  ol  superior  execution,  eontains  the  brdcen 
effigies  of  James  the  Gross,  7th  Earl  idied  1436  >,  and  his  wife. 
Lady  Beatrix  Sinclair.  The  latter  is  sarmounced  bj  a  full 
heralflic  achievement ;  the  baae  contains  six  small  male  figures — 
one  habited  a»  an  ecclesiastic — and  four  female  figures,  the  head- 
drew  on  the  last  of  which  is  supposed  to  indicate  her  unmarried 
Rtate,  the  two  aeries  being  separated  by  impaled  and  quartered 
arms  bearing  the  Douglas  heart  and  stars,  rampant  lion,  and 
wavj  St.  George's  Cross.  On  the  latter  tomb,  the  earrings  over 
the  mouldings  are  extremely  good,  and  bear  a  Tery  dose  resem- 
blance to  similar  details  on  parts  of  Melrose  Abbey,  possibly 
executed  by  the  same  carvers^  Among  other  tombs  of  the  same 
kind  and  period  may  be  mentioned  those  of  the  Forresters  in 
Corstorphine  Church ;  and  at  the  time  of  their  erection  probably 
few  such  places  in  Scotland  were  without  similar  monuments^  as 
among  Much  as  still  remain  many  are  connected  with  comparatively 
unimportant  personages.  Even  in  quite  recent  times  the  want 
of  care  of  such  works  is  most  notorious,  and  will  easily  account 
for  the  many  empty  niches  observable  on  a  great  number  of  our 
old  edifices.  Thus,  the  very  beautiful  effigies  of  Sir  John 
(Jolquhoun  and  his  lady,  in  full  costume  of  the  middle  of  the 
iiiU'Jiwth  century,  were  long  allowed  to  lie  uncared  for  in  a  wood 
wliere  the  children  of  Houston  village  played  at  leap-frog  over  the 
prr;Htrate  figures  ;  and  the  two  wall  tombs,  with  one  or  two  others 
tfi  Ht.  Mary's  in  Bute,  are  even  now  mouldering  out  of  all  interest, 
it  ft  want  of  a  trifling  expenditure  towards  their  preservation. 

V(irhf%\m  the  most  magnificent  specimen  of  Scottish  monumental 
Sf^ulptfire  of  the  brilliant  fifteenth  century  is  the  splendid  canopied 
Unuh  <ff  Bishop  Kennedy  in  the  College  Church  of  St.  Andrews, 
from  which,  unfortunately,  the  recumbent  figure  is  gone.  Speaking 
</t  this  work,  Mr.  Billings  says,  "in  very  few  such  works  have 
archiUTCturai  forms  and  devices  been  so  profusely  and  gorgeously 
]u'H]}*:d  Uy^fiiher  as  in  the  rich  monument  of  black  marble  erected 
Ut  t)ie  murnory  of  Bishop  Kennedy.  Towers,  pinnacles,  crockets, 
canopies,  arches,  pillars,  mimic  doors  and  windows,  all  have  been 
thrown  t<;gether  in  rich  yet  symmetrical  profusion,  at  the  will  of 
some  beautiful  and  fantastic  fancy,  as  if  a  fairy  palace  had  been 
suddenly  erected  out  of  the  elements  of  feudal  castles,  of  minsters, 
abbeys,  cloisters,  and  vaults."  He  was  the  founder  of  St.  Salvator's 
College,  and  died  in  1466.     Pitaoottie  refers  to  him  as  having 
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''  foundit  ane  triumphand  OoUedge  in  Sanct  Androis,  called  Sanct 
Salvitoaris  Colledge,  quharin  he  made  his  lear  verrie  curiouslie 
and  coastlie,  and  also  he  biggit  ane  schip,  called  the  Bischopis 
barge ;  and  when  all  thrie  were  compleit,  to  witt,  the  ooUedge,  the 
lair,  and  the  barge,  he  knew  not  quhilk  of  thrie  was  costliest;  for 
it  was  reckoned  for  the  time,  be  honest  men  of  consideratioun, 
that  the  least  of  thrie  cost  him  ten  thousand  pund  sterling,^'  an 
estimate  which  must,  however,  be  taken  with  some  caution. 
Although  important  works  of  this  kind  and  period  are  rare,  the 
profusion  of  architectural  enrichments  of  a  high  class  still  existing 
on  the  castles  and  ecclesiastical  edifices  of  the  north  testify  to  the 
taste  of  the  wealthier  Scottish  nobles  and  prelates.  Such  buildings 
as  Falkland,  Glammis,  Elgin  Cathedral,  and  Eoslin  Chapel  are 
sufficient  evidence,  and,  with  many  others,  are  too  well  known  to 
require  any  reference  here.  Time  and  the  hands  of  the  destroyer 
have  been  especially  severe  on  the  old  carved  fonts,  few  of  which 
now  exist;  one  at  Dryburgh  has  already  been  alluded  to,  and 
another  of  equal  interest  is  well  cared  for  in  the  old  church  of 
EowlLs  Easter,  where  a  magnificent  fifteenth  century  painting 
of  the  crucifixion  is  also  preserved. 

Of  the  numerous  figures  which  once  adorned  the  exteriors  as 
well  as  the  interiors  of  our  churches,  one  of  the  most  beautiful 
remaining  is  a  winged  St.  Michael  on  one  of  the  angles  of  the 
church  of  that  name  in  Linlithgow.  Much  decayed  and  mutilated 
as  it  is,  the  pose  of  the  figure  trampling  on  the  dragon  is  still 
perfectly  preserved,  the  action  of  the  right  hand  grasping  the 
misericorde,  and  of  the  left  arm  (the  hand  of  which  has  been 
holding  the  spear)  being  yet  evident.  The  unhelmeted  head  is  of 
a  feminine  character,  with  long  flowing  hair ;  the  body  is  covered 
by  what  seems  to  have  been  close-fitting  chain  mail,  with  tassets 
or  skirts  of  the  same,  and  on  the  lower  limbs  the  central  ridge  or 
angle  still  discernible  in  a  sharp  side  light,  with  some  marks  under 
the  left  knee,  indicate  rather  the  character  of  plate  armour  than 
the  softer  rounding  which  would  have  yet  remained  if  a  mail 
covering  had  been  represented.  This  figure  thus  possesses  a 
certain  amount  of  interest  from  being  treated  in  a  somewhat  ideal 
manner ;  the  costume  is  rather  traditional,  and  of  an  earlier  date 
than  the  probable  period  of  its  execution,  and  the  presence  of  the 
wings,  the  long  hair,  and  feminine  face,  indicate  an  efibrt  on  the 
sculptor's  part  to  convey  his  ideal  of  the  archangel  rather  than  an 
image  of  a  person  of  the  time. 
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"  Of  all  the  palaces  so  fair ''  in  Scotland,  that  of  the  neighbouring 
one  of  Linlithgow  stands  pre-eminent^  not  only  on  account  of  its 
historical  and  architectural  importance,  but  for  its  sculptured 
remains.  Much  decayed,  weather- worn,  and  mostly  in  fragments, 
the  old  fountain  in  the  centre  of  the  quadrangle  still  forms  an 
appropriate  ornament  to  the  royal  dwelling.  Almost  as  much 
decayed  are  the  sculptures  on  the  outside  over  the  main  entrance, 
and  those  on  the  wall  on  the  east  side  of  the  court,  on  which  under 
a  fretted  canopy,  the  centre  is  occupied  by  the  head,  shoulders,  and 
arms  of  a  St.  Michael,  whose  outspread  wings  dominate  a  crumbled 
and  empty  niche,  formerly  containing,  it  is  said,  a  pope.  On  each 
side  of  this  is  the  upper  part  of  a  winged  angel  bearing  a  scroll 
and  flying  upwards,  which  still  show  traces  of  great  spirit  and 
execution,  and  the  motive  of  which  is  most  apparent  in  the  early 
part  of  a  sunny  day,  when  the  light  falling  from  the  south-east 
almost  converts  them  into  semblances  of  flying  doves.  Under 
these  the  niches  are  said  to  have  contained  figures  of  a  knight 
and  an  agriculturist,  thus  representing  the  three  estates  dominated 
by  angelic  powers.  Of  the  group  formerly  over  the  south  entrance 
(also  inside  the  court),  all  that  now  remains  is  a  figure  of  the 
Madonna  with  upturned  face,  hands  folded  on  her  breast,  and 
long  flowing  hair;  in  this  figure  also  the  rude  Scottish  climate 
has  failed  to  obliterate  traces  of  its  original  grace.  The  *date  to 
which  these  portions  of  the  palace  are  assigned  is  early  sixteenth 
century :  who  the  artists  were  of  course  it  is  impossible  to  tell, 
althpugh  tradition  assigns  them  to  the  skill  of  a  Frenchman. 
More  probably  they  were  Flemish,  as  tapestries,  <bc.,  were  imported 
from  Flanders  for  the  furnishing  of  the  palace.  It  is  a  beautiful 
instance  of  fine  feeling  in  what  we  are  accustomed  to  consider  a 
rude  age,  which  prompted  the  fifth  James  thus  to  decorate  his 
dwelling  for  the  reception  of  his  bride  from  France,  and  to  carve 
on  one  of  its  apartments  the  charming  motto,  "fielle  a  vous 
leule." 

Of  the  numerous  once-existing  specimens  of  this  and  the  follow- 
ing century,  almost  none  have  escaped  the  wrath  of  the  reformers. 
The  agitation  that  convulsed  England  was  but  as  a  gentle  tremor 
compared  with  that  in  Scotland.  For  many  years  the  cry  was  for 
purging  the  Kirk,  casting  down  images,  and  forbidding  of  "pensils 
and  brods"  in  the  sister  art  of  painting.  What  could  not  be 
burnt  after  being  thrown  down  was  destroyed,  and  fortunate  was 
the  monastery  or  abbey  church  which  escaped   having  its  roof 
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loofiened,  and  allowed  to  fall  into  the  ransacked  choirs.      Any 
semblance  of  a  cross  was  more  especially  an  object  of  hatred  on 
the  part  of  the  reformers,  and  thus  any  such  monumental  sculp- 
ture in  this  form,  which  existed  on  public  roads  or  other  places, 
met  with  but  little  respect.     So  little  sanctity,  not  to  speak  of 
respect,  even  in  the  present  century,  has  been  attached  to  such, 
that   many   instances  of    their    removal  and    destruction  have 
occurred.     One  of  the  most  amusing  and  characteristic  is  that  of 
two  Highlanders  who  were  hindered  some  years  ago  by  the  farmer 
on  one  of  the  islands  near  Loch-na-Keal  at  Mull,  from  bearing 
away  one  during  the  night,  in  a  boat  which  they  had  brought  for 
the  purpose,  in  order  that  they  might  erect  it  elsewhere  as  a  mark 
of  respect  over  the  grave  of  a  parent.     We  all  know  too  well  the 
vandalism  of  the  people  for  a  long  time  after  the  Reformation,  by 
no  means  confined  to  the  poor  and  ignorant  classes,  which  led  them 
to  look  upon  the  neighbouring  abbey  or  cathedral  as  a  convenient 
quarry,  from  which  stones  were  freely  removed  for  ignoble  pur- 
poses; and  thus  many  a  bit  of  sculpture  came  to  be  used  for 
terminating  the  corner  of  a  barn,  or  for  insertion  in  the  wall  of  a 
dwelling-house.      Of  this  class  of  sculpture,  perhaps  the  most 
beautiful  example  in  Scotland  is  a  fragment  in  the  old  churchyard 
at  Kilmartin,  of  probably  the  fifteenth  century,  bearing  on  one 
side  a  carved  figure  of  the  crucified  Saviour  in  high  relief,  which 
will  compare  favourably  with  any  sculpture  of  the  period  north  of 
the  Alps.     The  outstretched  arms  are  gone,  but  the  drooping  head 
crowned  with  thorns,  the  supine  limbs,  graceful  form,  and  soft 
modelling  still  show  evidence  of  it  having  been  a  beautiful  work 
of  art.     The  other  side  bears  the  lower  part-  only  of  a  flat  treat- 
ment of  God  the  Father,  in  a  Byzantine  style.     It  is  said  to  have 
been  associated  with  the  memory  of  St.  Martin  of  Tours,  and 
formerly  stood  on  the  roadside  in  the  neighbourhood,  from  whence 
it  was  removed  and  laid  in  the  churchyard  protected  by  turf,  after 
which  it  was  erected  where  it  now  stands  on  one  side  of  the  path 
within  the  gateway,  opposite  to  another  of  similar  size  and  form 
covered  with  the  usual  geometric  pattern. 

During  the  Reformation  no  greater  blow  was  given  to  any  of 
the  arts  than  that  which  the  art  of  sculpture  experienced. 
Although  ecclesiastical  architecture  was  also  arrested,  and  bam- 
like  structures  only  were  erected,  such  having  been  esteemed  good 
enough  for  the  services  of  religion ;  yet  that  art  was  to  some 
extent  kept  alive  by  the  erection  of  private  dwellings  of  some 


224  PhUoaopkieal  Society  of  Glasgow, 

pretence  to  art  by  those  who  could  afford  to  do  so.  Although  the 
painter's  art  hardly  existed  in  Scotland,  individual  vanity  still 
kept  some  mediocre  painter's  brush  at  work  in  the  line  of  por- 
traiture ;  but  the  unwritten  laws  of  the  reformed  church  as  clearly 
forbade  the  introduction  of  sculpture  into  places  of  worship  or 
upon  graves,  as  strictly  as  those  promulgated  by  the  old  Nicene 
Council  regulated  the  forms  and  types  which  art  was  to  follow. 
Thus,  throughout  the  Reformation  and  succeeding  period,  it  may 
be  said  that  no  sculpture  worthy  of  the  name  was  produced  in 
Scotland.  Funereal  monuments  were  of  the  plainest  kind,  bearing 
nothing  beyond  the  name,  age,  and  virtues  of  the  deceased, 
dependent  on  the  chisel  of  some  enthusiastic  "Old  Mortality"  for 
later  preservation.  Even  after  the  religious  troubles  had  been 
succeeded  by  the  Rebellion,  the  art  only  began  to  assert  itself  in 
the  most  ignoble  manner.  Obscure  country  masons  cut  hatch- 
ments for  the  decoration  of  mansion  gateways  and  entrances,  their 
work  being  sometimes  varied  by  rude  devices  on  stone  panels,  and 
hour  glasses,  skulls,  and  hideous-winged  monstrosities,  such  as  are 
to  be  seen  in  old  parish  grave-yards.  The  application  of  the  art  in  any 
other  form  than  as  an  aid  to  architecture  was  till  then  unknown 
in  the  country,  and,  in  consequence,  generations  had  to  pass  away 
before  old  prejudices  were  outlived,  and  other  uses  for  the  art 
became  possible.  Although  a  few  monumental  groups  had  been 
executed  for  families  powerful  enough  to  be  careless  of  popular 
opinion,  as  some  carvings  at  Holyrood  and  elsewhere,  they  were 
not  the  works  of  native  artists.  It  was  not  till  the  latter  part  of 
last  century,  when  a  feeling  for  poetic  literature  began  to  burst 
the  bonds  of  bigotry  bred  by  ecclesiastical  abuses  and  prejudices, 
that  some  attempts  at  sculpture  in  the  form  of  an  art  began  to 
appear. 

It  would  be  an  interesting  question,  if  time  permitted,  to  inquire 
how  far  the  presence  of  proper  stone  in  localities  affected  the  freer 
introduction  of  sculpture  in  some  early  Scottish  edifices.  The 
superabundance  of  enrichment  on  such  buildings  as  Melrose 
Abbey  and  Roslin  Chapel  might  be  contrasted  with  the  Chapel  of 
King's  College  at  Aberdeen,  where  the  interior  is  void  of  sculp- 
ture, and  the  decoration  is  entirely  dependent  on  the  very  magni- 
ficent oak  screen  and  canopied  stalls,  which  are  hardly  equalled  in 
any  church  in  Europa  Although  this  church  is  built  of  freestone, 
the  general  prevalence  of  the  hard  granite  of  the  locality  would 
not  afford  practice  or  training  for  the  local  stone  carvers ;  and, 
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besides,  the  cost  of  transit  of  the  material  may  have  had  an 
influence  on  the  production  of  a  good  class  of  carvers  in  wood. 
Even  had  the  injunctions  of  Knox  and  his  colleagues  been  carried 
out  to  the  letter,  to  spare  the  doors,  desks,  windows,  and  such 
like,  there  would  have  been  more  specimens  of  this  beautiful  art 
left  us  than  those  at  Dunblane,  Fowlis,  &c.,  the  various  fragments 
in  the  Scottish  antiquarian  collection,  and  the  scattered  panels 
from  Stirling  Castle. 


Vol.  XIX. 
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XI.— On  the  Plate  River  System,     By  John  Galloway. 


[Read  before  the  Society,  7th  March,  1888.] 


The  subject  of  my  address  to-night  is  the  great  rivers  of  South 
America,  which  empty  themselves  into  what  is  known  as  the 
River  Plate,  together  with  some  remarks  on  the  countries  through 
which  they  flow. 

With  a  subject  so  great,  and  at  the  same  time  so  varied,  I  have 
several  difficulties  to  contend  with,  in  endeavouring  to  overcome 
which  I  must  throw  myself  upon  the  indulgence  of  my  audience. 
There  is  the  vastness  of  the  subject,  as  also  the  necessarily  short 
time  at  my  dis^wsal,  and  the  great  variety  of  detail  connected  with 
it,  in  which  I  am  apt  to  get  confused  myself,  and  to  lead  my  hearers 
into  confusion ;  and  there  is,  further,  the  danger  of  thinking  that 
because  I  may  have  a  clear  idea  of  things  myself,  therefore  my  short 
and  inadequate  description  conveys  an  equally  clear  idea  to  the 
minds  of  those  who  are  listening  to  me.  Knowing  these  dangers, 
I  shall  endeavour  to  avoid  them,  and  if  I  fail,  I  can  only,  as  I 
have  said,  throw  myself  upon  the  indulgence  of  my  audience. 

The  subject  itself  is  one  of  intense  interest,  whether  we  regard 
it  simply  in  its  physical  aspects,  where  everything  is  of  gigantic 
proportions — immense  rivers,  immense  plains,  immense  forests, 
and  equally  immense  mountain  ranges;  or  whether  we  regard 
these  countries  as  the  future  home  of  a  mighty  nation — the  land 
ready  to  receive — the  furnished  lodgings  for  the  teeming  millions 
of  Southern  Europe — the  present  sphere  where  our  superabundant 
capital  is  to  be  employed — the  future  market  for  our  manufac- 
tured goods ;  or  as  one  of  the  great  suppliers  of  the  world's  food. 
In  one  and  all  of  these  aspects  it  cannot  fail  to  interest  every 
intelligent  man. 

Whilst  the  physical  aspects  are  interesting,  it  is  not  until  the 
human  element  comes  in  that  different  and  more  powerful  impulses 
in  our  nature  are  appealed  to  and  drawn  forth.  You  see  a  painter 
portraying  a  Highland  moor  so  true  to  nature  that  you  can  almost 
feel  the  fresh  and  balmy  breath  of  the  mountain  air,  and  you 
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admire  the  tnithfulness  with  which  he  has  depicted  everything 
upon  his  canvas  ]  but  if  there  is  no  indication  of  human  life  the 
picture  as  one  which  appeals  to  our  better  nature  is  awanting.  It 
is  not  until  he  puts  in  the  roof  of  a  half-hid  cottage,  or  a  curling 
wreath  of  smoke  to  tell  that  some  member  of  Adam's  scattered 
family  is  there,  that  the  picture  possesses  an  interest  which  other- 
Mrise  it  wants.  So  I  take  it  that  the  human  element  will  prove 
the  chief  feature  of  interest  in  my  address  to-night. 

It  was  in  1492  that  the  great  Columbus  discovered  the  New 
World,  and  in  an  incredibly  short  time  the  whole  of  the  eastern 
shores  of  America  had  been  visited  by  the  adventurous  voyagers 
of  those  early  days,  by  whose  exertions  a  new  era  in  the  world's 
history  was  breaking  upon  mankind.  In  the  year  1515  the 
Eiver  Plate  was  discovered  by  Juan  Diaz  de  Solis.  Twelve 
years  later  the  celebrated  Sebastian  Cabot  sailed  up  the  Parana 
and  Paraguay,  and  in  1535  Pedro  de  Mendoza  founded  the  City 
of  Buenos  Ayres.  From  that  date  the  Spaniards  obtained  a 
firm  footing  in  these  lands.  Their  rule,  however,  cannot  be 
commended  as  good  or  wise  in  any  sense  of  the  term ;  the 
cruelties  which  characterised  them  in  other  parts  unfortunately 
obtained  here  also,  and,  indeed,  the  Jesuits  were  introduced 
as  much  for  the  purpose  of  defending  the  natives  from  their 
conquerors  as  for  the  purpose  of  converting  them  to  Christianity. 
I  cannot  say  how  far  they  were  successful  in  the  former,  but 
in  the  latter  their  success  was  astonishing,  as  in  thirty-seven 
years  after  their  introduction  they  had  no  less  than  110,000 
neophytes.  It  is  an  interesting  fact  that  in  1806  the  whole  of 
this  immense  country  nearly  passed  under  British  rule,  the  deed 
of  cession  being  made  out  ready  for  signing,  and  the  parties 
gathered  together  for  the  purpose  of  appending  their  names,  when, 
through  the  gross  blundering  of  the  English  General  Whitelock, 
ever3rthing  was  lost,  and  the  Buenos  Ayreans  to  this  day  preserve 
with  patriotic  veneration  some  British  balls  which  have  got  lodged 
in  one  of  the  city  church  towers. 

'  In  1810  the  colonists  threw  off  the  yoke  of  Spain  and  set  up 
house  for  themselves.  I  cannot  say,  however,  that  their  house- 
keeping was  of  a  superior  description,  or  that  for  many  long  years 
they  were  the  better  of  the  change.  The  country  became  the  prey 
of  upstart  adventurers,  and  in  1828  it  was  divided  into  five 
separate  and  independent  States,  each  at  war  with  the  other.  It 
was  at  this  time  that  a  farmer  named  Rosas,  clever,  but  cruel  and 


228  Philosophical  Society  of  GUugow. 

anficrapiiloiia,  rose  rapidly  to  power,  sabdaed  the  various  rival 
sections,  and  endeavoured  to  bring  Uruguay  also  into  subjection ; 
but  in  tiiis  latter  he  failed.  His  whole  rule  was  a  reign  of  terror, 
during  which  life  and  property  were  alike  insecure,  and  in  which 
all  foreign  trade  was  discouraged ;  and  in  his  attempt  to  carry  out 
this  policy  he  provoked  a  war  with  France  and  Britain  by  closing 
up  the  navigation  of  the  rivers.  In  1852  this  tyrant  felL  It 
could  not  be  expected  that  a  country  which  had  come  through 
such  a  training  would  settle  all  at  once  into  the  peaceable  ways 
of  life  which  are  recognised  as  needful  for  the  progress  of  nations, 
or  the  development  of  their  resources ;  and,  accordingly,  we  find 
that  it  is  only  within  the  last  ten  or  twelve  years  that  revolutionary 
tumult  has  ceased,  and  that,  from  various  causes,  the  central 
government  has  got  the  power  to  enforce  the  laws,  and  to  turn 
its  attention  towaitls  the  development  of  the  vast  resources  of 
these  countries. 

The  history  of  Uruguay  is  somewhat  the  same,  only  the  time 
when  law  and  order  began  to  prevail  comes  down  to  a  much  later 
date. 

Paraguay  stands  by  itself,  and  has  a  story  so  romantic,  and  at 
the  same  time  so  unique,  that  I  pass  it  over  in  the  meantime ; 
but,  if  time  permit,  will  refer  to  it  more  particularly  further  on. 

I  am  thus  particular  in  referring  to  the  liistory  of  these 
countries,  because  there  are  those  amongst  us  who,  unacquainted 
with  these  facts,  cannot  understand  how  countries  with  such  vast 
resources  and  with  such  facilities  for  trade  should  have  remained 
so  long  in  the  background  of  the  natious,  and  all  but  unknown  to 
the  world's  commerce. 

With  this  preface,  I  now  turn  to  what  may  be  regarded  as  the 
proper  subject-matter  of  my  address.  And,  first  of  all,  let  me 
explain  that  what  is  known  as  the  River  Plate  is,  in  reality,  no 
river  at  all,  but  an  arm  of  the  sea.  A  glance  at  the  accompanying 
map  will  suffice  to  show  this.  Were  it  in  Scotland  we  would  call 
it  a  loch,  or  in  Norway  a  fiord.  I  suppose  that  its  Spanish  dis- 
coverers, finding  its  waters  fresh,  in  consequence  of  the  immense 
volume  of  water  emptied  into  it  by  the  Parana  and  Uruguay, 
were  unable  to  dissociate  this  state  of  things  from  the  idea  of 
a  river,  and  accordingly  gave  it  this  name.  Plate  means  silver, 
and  Argentine  has  the  same  significance.  How  silver  came  thus  to 
be  associated  with  a  region  in  which  it  is  not  to  be  found,  I  cannot 
say ;  all  the  explanations  I  have  heard  appear  to  me  to  be  fanciful. 
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At  its  upper  extremity  the  Plate  is  about  20  miles  wide ;  but 
the  shores  are  so  low  that  the  one  side  cannot,  even  at  this  its 
narrowest  part,  be  seen  from  the  other.  It  gradually  widens  until, 
at  Monte  Video,  it  is  70  miles  across,  and  at  this  point  it  may  be 
considered  geographically  as  ceasing. 

It  is  into  this  arm  of  the  sea  that  the  great  rivers  Parana  and 
Uruguay  empty  themselves ;  and  I  may  anticipate  my  subject  so 
far  as  to  say  that  the  volume  of  these  rivers  is  so  immense  that 
the  Parana,  the  larger  of  the  two,  emj)ties  no  less  than  41,000,000 
cubic  feet  of  water  every  minute  into  the  Plate ;  and  if  we  add  to 
this  the  11,000,000  discharged  by  the  Uruguay,  we  have  a  total  of 
52,000,000  cubic  feet  discharged  every  minute.  Now,  the  waters 
of  both  these  rivers,  but  especially  of  the  Parana,  are  very  turbid. 
They  flow  for  the  greater  part  of  their  immense  length  through 
plains  of  clayey  soil,  and  the  consequence  is  that  their  waters  are 
never  clear,  having  the  appearance  of  our  Clyde  during  a  winter 
spate.  If  you  take  from  the  river  at  any  time  a  tumblerful  of 
water,  and  allow  it  to  settle,  a  very  appreciable  deposit  of  earthy 
matter  takes  place,  and  one  can  scarcely  conceive  the  tremendous 
amount  of  solid  material  which  is  thus  conveyed  by  these  great 
streams  from  far  inland  to  the  sea.  So  great  is  the  amount  of 
fresh  water  discharged  into  the  Plate,  that  80  miles  from  the 
point  of  deboucJiement  the  water  is  quite  fresh,  and  at  120  miles  it 
is  still  brackish.  You  will,  therefore,  not  be  surprised  to  learn  that 
under  these  conditions  the  Plate  is  rapidly  being  filled  up,  and 
that  it  has  immense  shoals,  which  make  the  navigation  both 
difficult  and  dangerous.  At  Buenos  Ayres  oversea  ships  are 
obliged  to  lie  twelve  miles  off,  and  even  vessels  drawing  only  eight 
feet  of  water  cannot  approach  nearer  than  a  mile.  Some  people 
are  inclined  to  blame  the  founders  of  Buenos  Ayres  for  building 
the  city  where  it  is,  but  I  am  not  sure  that  they  are  blameworthy, 
as  I  think  that  300  years  ago  the  conditions  of  things,  so  far 
as  depth  of  water  is  concerned,  was  very  different  from  what 
it  is  now. 

I  was  much  interested  in  the  delta  of  the  Parana.  One  would 
have  thought  that,  under  the  conditions  I  have  named,  this  delta 
would  have  been  very  large,  while  the  fact  is,  that  it  is  considerably 
less  than  those  of  the  Nile,  the  Ganges,  or  the  Irrawaddy — all 
of  them  much  smaller  streams,  thus  affording  proof  of  the 
correctness  of  the  conclusion  to  which  geologists  have  come,  that 
the  South  American  is  the  youngest  member  of  the  family  of 
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continents,  and  that  even  the  Andes,  with  all  their  pretensions, 
cannot  ^*  hold  a  candle  "  to  our  own  Highland  hills.  Let  the  Grants, 
who  had  a  boat  of  their  own  at  the  flood,  rejoice  in  the  fact! 

This  smallness  of  the  Parana  delta  is  all  the  more  remarkable 
that  the  river,  if  I  may  so  put  it,  has  special  facilities  for  forming 
such.  The  freshness  of  the  water  in  the  Plate,  for  instance,  permits 
of  the  vegetation  upon  the  islands  and  mud  banks  of  the  delta  to 
push  itself  not  only  down  to  the  water's  edge,  but  into  the  water 
itself ;  and  every  one  knows  how,  in  such  circumstances,  a  dense 
and  luxuriant  vegetation  has  a  mighty  influence  in  the  making  of 
new  land.  Another  great  factor  in  this  process  is  the  presence  of 
vast  numbers  of  camelottas  or  floating  islands.  These  are  formed 
of  a  large-leaved  water  plant,  which,  when  cut  up,  is  found  to 
have  an  immense  number  of  air  cells  in  its  stems  and  leaves, 
possessing  thus  a  great  floating  power.  These  have  the  habit  of 
growth  which  enables  them  to  intertwine  their  roots  together 
until,  it  may  be,  a  vast  number  are  laced  together  in  one  mass. 
When  the  river  is  low  they  grow  in  the  entrance  of  creeks,  the  lee 
of  islands,  and  other  sheltered  places  with  wondrous  rapidity, 
and  when  it  rises  they  are  floated  off  in  great  numbers  from  one 
yard  to  100  yards  in  diameter ;  and  such  is  their  buoyancy  that 
pumas  and  jaguars  have  been  known  to  be  carried  away  by  them. 
It  can  easily  be  understood  that  when  such  islands  ground  upon 
a  sand-bank  or  are  caught  in  a  snag,  or  by  the  two  banks  in  some 
of  the  narrow  channels  of  tlie  delta,  the  result  is  the  stoppage  of 
the  flow  of  water  immediately  under,  and  that  in  consequence  a 
deposit  of  earthy  matter  takes  place ;  and  in  this  way  shoal  or 
island  is  formed.' 

I  passed  on  one  occasion  through  the  Las  Palmas  Channel  from 
the  Plate  into  the  main  river,  and  it  was  very  interesting  to  notice 
the  records  we  had  of  the  progress  of  deposit.  At  flrst  we  had 
indications  of  land,  by  the  presence  of  immense  quantities  of 
reeds  growing  out  of  the  water;  further  up  in  the  midst  of  these 
we  had  perhaps  one  or  two  bushes  struggling  for  existence  in 
their  watery  bed,  and  doing  their  best  to  assert  their  victory  over 
the  river  gods.  Still  further  up  the  bushes  increased,  until  their 
places  were  taken  by  trees,  which  upon  the  full-formed  islands 
became  dense  and  luxuriant ;  and  thus  the  unequal  fight  goes  ever 
on,  old  ocean  being  ousted,  and  gradually  driven  back,  by  the  silent 
but  ever-working  and  pertinacious  efforts  of  the  mighty  rivers. 

As  I  have  said,  there  are  two  great  rivers  which  empty  them- 
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selves  into  the  Plate.  These  are  the  Parana  and  the  Uruguay, 
and  to  these  I  must  add  the  Paraguay,  which,  although  it  is  an 
affluent  of  the  Parana,  has  yet  such  a  long  independent  course, 
and  is  so  important  to  commerce,  that  it  deserves  a  distinct  place 
in  such  a  paper  as  this. 

The  Parana  is  the  longest,  and,  in  many  respects,  the  most 
important  of  these.  It  has  a  course  of  2,300  miles,  and,  as  for 
the  greater  part  of  its  course  it  divides  itself  among  innumerable 
islands,  it  is  difficult  to  gauge  its  size.  At  San  Pedro,  however, 
it  runs  in  one  bed,  and,  as  this  is  shortly  before  it  divides  into 
the  delta  channels,  it  is  a  good  point  at  which  to  do  this.  Here 
we  find  that  it  is  1,600  yards  wide,  70  feet  deep,  and  has  a  flow  of 
about  3  J  miles  an  hour.  The  size  of  the  Uruguay  is  only  a  fourth 
of  the  Parana^  and  yet,  it  is  larger  than  the  Nile,  and  as  large  as 
the  Ganges. 

In  sailing  over  the  waters  of  the  Parana,  one  cannot  fail  being 
struck  with  its  immense  volume  of  water,  dwarfing  all  our  pre- 
conceived ideas  of  what  a  great  river  should  be;  and  there  is 
something  extremely  grand  in  the  wide  sweep  of  the  great  flood 
as  it  flows  in  stateliness  and  majesty  from  its  far-ofl*  mountain 
sources,  towards  the  great  ocean,  carrying  on  its  bosom  the  traffic 
of  a  multitude  of  towns,  each  the  centre  of  human  labour  and 
enterprise,  and  forming  nature's  great  highway,  reaching  far  into 
the  centre  of  the  continent. 

The  amount  of  traffic  is  very  wonderful,  and  this  in  a  great 
measure  is  carried  by  native  river  craft,  for  the  most  part  schooner- 
rigged,  and  of  from  200  to  500  tons.  I  was  much  surprised  at 
the  extreme  beauty  of  these  vessels,  having  lines  almost  as  fine  as 
those  of  a  yacht,  carrying  an  immense  spread  of  sail,  all  of  which 
is  made  of  white  cotton  cloth.  They  sail  with  great  swiftness,  and 
are  extremely  beautiful,  as,  like  sea  birds,  they  pass  along  on  their 
several  ways.  In  the  lower  reaches  of  the  river  the  towns  are 
numerous,  such  as  San  Fernando,  Campana  Buradero,  San  Pedro, 
San  Nicholas,  Ramallo,  Lopez,  Eosario,  San  Lorenzo,  Parana,  and 
Santa-F^;  but  as  you  ascend,  the  interval  between  the  towns 
becomes  greater,  and  you  sail  past  vast  tracks,  without  trace  of 
human  being — a  land  waiting  ready  to  receive  its  future  inhabitants; 
and  being  level  as  a  bowling  green,  and  without  trees,  it  does  not 
require  the  labour  of  clearing,  as  do  the  Canadian  backwoods ;  it 
is  ready  for  the  ploughshare,  and  the  first  year  after  settling  an 
abundant  harvest  may  be  reaped. 
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As  you  ascend  the  river,  you  pass  the  provinces  of  Entre  Rios 
and  Corrientes  on  the  right.  The  first  name  means  '^between  the 
rivers :"  a  glance  at  the  map  explains  the  reason  why.  It  is 
identical  in  meaning  with  Mesopotamia,  and  for  the  same  reason, 
and  like  its  ancient  namesake,  it  is  a  Goshen  of  fertility. 

It  is  extremely  interesting  to  visit  the  various  towns  on  the 
passage  up.  The  eye  of  the  European  traveller  recognises  at  once 
the  picturesque  costumes  of  Spain  and  Italy,  reproduced  in  the 
new  world.  At  several  points,  such  as  Parana  and  Corrientes,  I 
saw  tall,  strong,  swarthy  fellows  in  light  cotton  trousers,  with 
gaily-coloured  flannel  shirts  tied  in  at  the  waist  with  scarf,  and 
the  whole  surmounted  with  picturesque  head-gear,  driving  sleek 
and  meek-eyed  oxen  yoked  to  curious  liigh-wheeled  carts — ^a  sight 
which,  in  all  its  varied  details  and  harmony  of  colour,  would  have 
delighted  the  heart  of  a  Hosa  Bonheur.  These  towns  are  all  built 
upon  the  same  plan.  A  square,  planted  with  trees,  occupies  the 
centre,  and  in  the  midst  there  is  to  be  found  the  never-failing 
monument  to  liberty.  Upon  one  side  of  this  square  is  always  to 
be  found  the  town  church  or  cathedral,  and  upon  another  there  are 
generally  the  municipal  buildings.  From  this  centre  the  streets 
run  out  in  straight  lines,  and  are  crossed  by  others  at  right  angles 
and  at  regular  distances,  forming  blocks  or  squares,  all  of  which 
are  of  the  same  size,  so  that  measurements,  even  outside  of  the 
towns,  are  stated  as  being  so  many  squares. 

The  houses,  however,  interested  me  most  of  all.  Many  years 
ago  I  had  wandered  through  the  streets  of  Damascus,  and  there 
examined  a  form  of  house  which  probably  had  its  origin  in  that 
oldest  of  all  earth's  cities,  far  back  in  the  mists  of  a  past  antiquity. 
A  house  consists  of  a  court,  sometimes  two,  in  the  centre  of  which 
there  is  either  a  fountain  or  small  garden  plot,  and  with  each  room 
opening  to  the  centre.  This  kind  of  human  dwelling  has  travelled 
towards  the  west,  carried  apparently  by  the  descendants  of  both 
Japheth  and  Ham,  from  the  cradle  of  the  human  race,  by  the  one 
great  branch  of  the  human  family,  through  Asia  Minor  into 
Greece  and  Italy.  It  has  been  superseded  by  more  modern  ideas 
in  these  two  latter  countries ;  but  its  presence  there  in  ancient 
times  is  proved  by  its  being  found  in  ancient  Pompeii.  It  was 
carried  by  the  other  branch  along  the  northern  coasts  of  Africa, 
through  Egypt,  Tunis,  Algiers,  and  Morocco,  where  it  still  exists; 
by  the  Moors  it  was  carried  into  Spain ;  and  by  the  Spaniards  it 
has  been  taken  across  the  Atlantic,  to  gain  firm  root  in  the  New. 
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World.  Standing  in  the  courtyard  of  one  of  these  houses,  I  could 
almost  fancy  I  was  standing  in  the  midst  of  a  Pompeian  house 
restored,  the  only  want  being  the  beautiful  decorations  which 
Greek  and  Roman  art  put  upon  their  walls.  It  was  with  extreme 
interest  that  I  thus  met  at  the  end  of  the  earth  the  outcome  of  a 
human  idea  which  reached  away  back  to  the  infancy  of  our  race, 
and  so  far  from  the  place  of  its  birth. 

In  the  lower  reaches  of  the  river,  owing  to  its  immense  width, 
to  the  perfectly  level  country  through  which  it  flows,  and  the 
sameness  of  vegetation,  the  scenery  is  not  interesting,  and  one, 
especially  a  Scotchman,  accustomed  to  the  beautiful  variety  of 
outline,  and  of  light  and  shade  upon  hill  and  dale,  is  inclined  to 

exclaim — 

*'  My  heart's  in  the  hielands, 
My  heart  is  na'  here." 

As  you  ascend,  however,  this  considerably  changes — the  cliffs  on 
the  side  of  the  river  rise  to  a  height  sometimes  of  200  feet.  You 
get  beautiful  vistas  among  the  islands;  the  vegetation  becomes 
more  luxuriant  and  decidedly  more  tropical — brakes  of  bamboos 
and  groves  of  orange  trees,  intermixed  with  feathery  palms,  giving 
an  interest  to  the  scenery  it  did  not  previously  possess;  and  at 
some  points  the  view  is  simply  enchanting.  This  is  especially  so 
at  Bellavista,  or  "  Fine- View,"  as  the  name  imports.  It  is  situated 
on  a  high  cliff,  and  you  can  climb  the  church  tower  built  on  the 
top,  and  from  this  vantage  ground  you  get  a  magniiicent  view  of  the 
mighty  river  divided  into  some  seven  great  streams  by  wooded 
islands,  from  between  which,  and  from  behind  height  and-promon- 
tory,  the  waters  of  the  Parana  reflect  the  brilliant  sunshine ;  and 
far  beyond,  away  to  the  hazy  horizon,  you  have  a  view  of  the  richly- 
wooded  country.  Another  point  of  great  beauty  occurs  after  the 
steamer  leaves  Corrientes  and  makes  for  the  entrance  to  the 
Paraguay,  threading  its  way  among  beautiful  islands,  densely 
wooded,  and  ever  and  anon  it  sails  out  into  the  wide  undivided 
waters  of  the  great  stream.  At  this  point,  although  you  are  fully 
700  miles  from  the  sea,  and  the  stream  is  seven  miles  wide,  you 
look  with  something  akin  to  amazement,  as  you  see  the  great  river, 
with  which  you  are  about  to  part  company,  bending  towards  the 
east,  where  it  gathers  together  its  wealth  of  waters  from  many 
a  far-off  hill  and  dale,  where,  as  yet,  the  foot  of  the  white  man  has 
never  trod.  As  I  gazed  at  this  point  upon  its  mighty  waters, 
beneath  a  calm  blue  sky,  and  glittering  in  the  rays  of  a  brilliant 
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\nTL,  I  goc  an  idea  dt  the  TsstnesB  of  tlie  lirer  sudi  as  I  had  not 
M^  before^ 

As  we  enter  the  Paragnaj  the  acencry  becomes  very  besotifal 
^rA  i&teresdng.  and  the  first  human  dwelling  npon  the  bank  to 
^•jr  rizht  telL»  as  that  we  hare  changed  from  the  territory  of  one 
nation  to  that  of  another.  The  flat-roofed  houses  of  the  far-off  east 
are  \fdt  behind,  and  now  we  hare  the  slope^roofed  houses  peculiar, 
in  this  part  of  the  world,  to  Para<niaT.  The  river  is  narrower, 
aithongh  still  of  great  size,  and  as  we  ascend  there  is  greater 
variety,  until  at  last  we  have  the  refreshing  sight  of  distant  hills, 
all  of  which  are  wooded  to  the  sommit.  Aronnd  every  little  town- 
ship there  are  large  orange  groves,  the  golden  fruit  looking  beautiful 
from  among  the  dark  green  leaves.  It  is  very  interesting  to  watch 
the  method  of  loading  these  upon  the  vessels  which  are  to  convey 
them  down  the  river.  The  oranges  have  been  previously  carted 
from  the  groves  to  the  river  bank,  and  there  laid  in  immense  heaps, 
and  when  the  steamer  is  fastened  to  the  outer  extremity  of  a  thin 
wcxlen  pier,  some  fifty  or  sixty  women,  who  have  been  waiting 
her  arrival,  set  to  work  with  an  energy  and  a  will  which  are 
remarkable.  Each  one  fills  her  basket,  places  it  upon  her  head, 
and  walks  lightly  to  the  steamer,  where  she  is  relieved  of  it;  they 
come  and  go,  tripping  and  dancing,  singing  and  laughing — ^not  a 
few  of  them  smoking,  and  doing  their  work  with  a  steadiness 
and  an  alacrity  which  astonished  m&  I  saw  such  a  band  of 
women  at  work  in  this  way  for  five  hours  without  flagging,  and 
during  this  time  they  put  250.000  oranges  on  board  of  our  steamer. 

Whenever  we  enter  the  Paraguay  crocodiles  make  their  appear- 
ance. Big,  black,  and  slimy,  these  repulsive-looking  reptiles  lay 
in  great  numbers  upon  the  banks,  and  afibrded  great  amusement 
to  those  passengers  who  were  possessed  of  rifles.  The  vegetation 
now  became  also  very  beautiful,  but  the  gem  of  all  the  trees  which 
I  saw  was  the  lapacha,  a  tree  which  produces  a  valuable  hard 
wood  In  size  and  shape  it  is  somewhat  like  our  elm.  In  the 
spring,  and  previous  to  any  leaves  coming  out,  it  is  densely 
covered  with  beautiful  flowers,  in  size  and  colour  like  those  of  the 
common  rhododendron.  As  you  stand  before  one  of  these  graceful 
trees,  loaded  throughout  with  magnificent  flowers,  it  is  a  vision 
of  beauty  which  you  are  not  likely  to  forget. 

Asuncion,  the  capital  of  Paraguay,  has  a  population  of  about 
25,000.  It  is  a  curious,  old-fashioned,  straggling,  ill-paved  town, 
but  finely  situated,  and  with  most  beautiful  surroundings.     It  is 
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intensely  interesting  as  being  the  capital  of  this  brave  Republic, 
whose  inhabitants  have  shown  qualities  of  heroism  and  endurance, 
than  which  ancient  Sparta  never  displayed  better. 

In  1865  the  ruler  of  Paraguay  was  one  Lopez,  the  second  of 
the  name.  He  had  visited  Paris,  where  he  had  come  under  the 
influence  of  an  evil  woman,  whom  he  brought  with  him  to 
Paraguay,  and  he  formed  the  idea  of  becoming  the  Napoleon  of 
South  America.  Had  he  possessed  the  genius  of  that  great 
man,  it  is  more  than  likely  he  would  have  accomplished  his 
purpose.  But  of  genius  he  had  none.  He  was  cruel  and 
unscrupulous,  and  he,  unlike  his  subjects,  was  a  coward  to  the 
very  centre  of  his  miserable  backbone.  He  declared  war  against 
the  Empire  of  Brazil,  and  the  Argentine  and  Uruguayan  Republics, 
and  although  his  army  was  miserably  armed,  badly  clothed, 
half  starved,  and  vastly  outnumbered  by  the  enemy,  who  had 
all  the  appliances  of  modern  warfare  in  cannon  and  rifle,  as  well 
as  iron-clad  gunboat,  the  war  was  continued  for  six  years,  during 
which  the  Paraguayans  displayed  a  bravery  and  a  courage  which 
one  can  only  lament  should  have  been  wasted  in  endeavouring  to 
further  the  ambitious  schemes  of  this  miserable  tyrant.  At  Pass 
la  Patrie  60,000  of  the  alUed  army,  provided  with  all  that  modem 
science  could  supply,  were  held  at  bay  for  six  months  by  half  their 
number  of  ill-armed  and  ill-clad  Paraguayans.  At  Curupati  8,000 
Paraguayans,  mostly  boys  of  from  sixteen  to  twenty,  drove  three 
times  their  number  before  them  in  panic,  sacked  their  camp,  and 
compelled  them  to  remain  inactive  for  months.  At  Humaita 
3,000  Paraguayans,  with  every  disadvantage,  held  out  for  four 
months  against  20,000  allies,  backed  by  iron-clads  and  monitors. 
In  innumerable  battles  and  skirmishes,  and  by  long  and  weary 
marches,  naked  and  starving,  these  Paraguayans  fought  with  a 
heroism  which  claims  our  highest  praise  and  most  unstinted 
admiration.  As  I  have  said,  led  by  a  man  of  military  genius 
there  is  almost  nothing  such  a  nation  could  not  have  done,  but 
led  by  a  poltroon  and  a  fool,  they  were  rewarded  by  the  man  they 
served  all  too  faithfully  with  the  most  brutal  cruelty,  and  sacrificed 
by  tens  of  thousands  to  his  utter  incompetence.  And  when,  at 
the  end  of  six  long,  weary  years,  the  war  was  brought  to  an  end 
by  the  death  of  the  tyrant,  the  nation  was  on  the  point  of  being 
exterminated.  Women  peiished  in  vast  multitudes,  but,  as 
might  have  been  expected,  the  brunt  fell  upon  the  other  sex,  so 
much  so  that  when,  at  last,  fighting  ceased  there  were  thirteen 
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women  to  one  man,  and  even  yet  there  are  three  or  four.      The 
land,  one  of  the  fairest  and  most  fruitful  in  the  South  American 
continent,  was  reduced  from  being  like  the  Garden  of  Eden  to  a 
wilderness,  and  like  a  felled  ox  the  whole  nation  lay  prostrate  and 
powerless.     £ut  for  mutual  jealousies  it  would  have  been  absorbed 
by  one  of  the  contending  parties,  and  for  many  years  it  remained 
so  enfeebled  as  to  be  unfit  for  almost  any  national  action.     Now, 
however,  it  is  recovering  strength  and  purpose  of  will.     The  people 
are  kind,  gentle,  law-abiding,  and  industrious.     The  Government 
appear  to  have  the  good  of  the  country  at  heart,  and  are  giving 
every  facility  for  the  development  of  its  latent  resources. 

One  of  the  sights  of  Asuncion  is  the  market-place,  and  once 
seen  it  is  not  likely  to  be  forgotten.  It  is  a  large  building,  with 
an  open  court  in  the  centre,  in  which,  especially  in  the  morning, 
there  are  congregated  hundreds  of  the  somewhat  dusky  dames  and 
damsels  of  Paraguay,  all  of  whom  have  their  toilet  of  a  very 
primitive  description,  consisting  of  what  we  would  call  a  night- 
gown,  with  sometimes  a  small  shawl  or  handkerchief  around  their 
shoulders  or  over  their  heads.  They  are  of  ordinary  height,  but 
very  erect  in  bearing,  brought  about  by  the  habit  of  carrying 
everything  on  their  head.  They  are  a  merry,  cheerful,  and  hard- 
working race  of  women.  Crouching,  or,  as  we  would  call  it, 
"  hunkering,"  before  tables,  there  they  are,  selling  all  kinds  of 
produce  and  manufacture  —  tobacco,  oranges,  lemons,  citrons, 
sweet  potatoes,  yerba  or  native  tea,  manioca,  melons,  parrots, 
monkeys,  cardinal  birds,  cotton  cloth,  pottery,  smoking  pipes, 
preserved  fruits,  sweets,  cheap  jewellery,  bread,  various  kinds  of 
hot  native  dishes  cooked  on  the  spot,  and  a  host  of  other  articles. 
The  bartering  goes  on  in  the  midst  of  a  babel  of  sounds,  in  the 
midst  of  whicli  the  loud,  clear  laughter  ever  and  anon  comes  in  to 
tell  us  that  the  well-springs  of  mirth  and  gladness  are  flowing  in 
the  hearts  of  those  poor  toil-worn  daughters  of  Paraguay. 

I  visited  Paraguari,  a  town  about  45  miles  inland  from 
Asuncion,  also  the  Lake  Ipacauri.  The  country  is  exquisitely 
beautiful.  The  hills,  not  above  1,000  feet  high,  are  yet  bold  in 
outline,  finely  varied,  and  richly  clothed  in  luxuriant  vegetation 
from  base  to  summit.  I  also  visited  Concepcion,  a  town  about 
240  miles  further  up  the  Paraguay,  and  here  life  was  still  more 
primitive,  and  in  consequence  more  interesting.  At  this  point, 
hearing  there  was  a  tribe  of  Indians  in  the  forest  on  the  other 
side  of  the  river,  I  obtained  a  guard  from  the  Custom-house,  and 
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visited  them.  They  were,  without  exception,  the  lowest  type  of 
humanity  I  have  yet  seen — big,  fat,  clumsy,  with  very  forbidding 
countenances,  and  long  coarse  black  hair.  They  were  intensely 
filthy,  the  dirt  being  literally  caked  upon  their  skins.  Their 
dwellings  are  simply  wattles  and  branches  of  trees  laid  together 
like  the  roof  of  a  house,  and  under  this  shelter  they  lie  upon  the 
ground,  being  naked,  with  the  exception  of  a  loin-cloth  covering. 
One  thing  which  struck  me  was  that,  notwithstanding  the  clumsi- 
ness of  their  bodies,  I  never  saw  neater  ankles  and  feet,  wrists  and 
hands;  and  there  is  not  a  lady  in  the  land  who  might  not  be  proud 
of  the  possession  of  such  of  these  as  were  possessed  by  the  most 
unprepossessing  female  among  these  poor  outcast  members  of 
Adam's  great  family.  They  inhabit  the  great  Ohaco,  or  forest,  a 
region  as  large  as  the  whole  of  England  and  Wales,  in  the  depths  of 
which  they  hold  their  own  against  the  white  man,  and  but  for  this 
protection  they  would  long  ago  have  been  exterminated.  They 
are  easily  civilised,  and  I  was  assured  by  those  who  employed  them 
that  they  made  faithful  and  industrious  servants.  I  am  sorry 
that  since  the  days  of  the  Jesuits  no  organised  attempt  has  been 
made  in  this  direction,  and  that  but  too  frequently  there  has  been 
instead  a  cruel  war  of  ruthless  extermination,  they  being  regarded 
as  little  better  than  wild  beasts. 

With  peace,  I  think  the  future  expansion  and  prosperity  of 
Paraguay  are  assured,  and,  as  I  have  said,  it  is  already  awaking  up 
to  new  life.  I  visited  it  on  two  occasions,  with  an  interval  of 
exactly  a  twelvemonth  between,  and  I  could  scarcely  have  thought 
it  possible  that  in  that  short  time  there  could  have  been  such  a 
manifest  improvement,  an  improvement  which  appealed  to  the  eye 
of  the  most  careless,  and  this  especially  in  the  dress  of  the  natives. 
On  my  first  visit,  speaking  roughly,  19-20ths  of  the  females  wore 
the  very  primitive  dress  I  have  already  described  ;  on  the  second, 
one-third,  I  should  say,  had  shoes  and  the  cotton  wrapper  so  common 
amongst  ourselves.  I  am  assured  by  Dr.  Stewart,  the  British  Consul 
at  Asuncion,  that  foreign  capital  is  flowing  into  the  country  as  it 
never  did  before,  that  labour  is  so  plentiful  that  no  one  need  be 
idle,  and  that  want  is  all  but  unknown ;  and  indeed  this  applies 
to  all  the  River  Plate  countries.  I  saw  more  wretchedness  and 
misery  in  Liverpool  in  the  20  minutes  after  I  landed  than  I  saw 
during  the  nine  months  I  spent  in  these  lands.  They  have  not 
yet  known  the  inestimable  blessings  conferred  upon  mankind  by 
strong  drink ;  no  doubt,  when  they  learn  this  secret  they  will  be 
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able  to  advance  towards  the  same  standard  in  the  scale  of  civilisa- 
tion which  we  possess,  and  be  able  to  sing  with  Scotchmen : — 

'*  Leea  me  on  drink,  it  gies  us  mair 
Than  either  schule  or  college ; 
It  waukens  wit,  it  kenles  lair, 
It  pangs  us  fu'  o'  knowledge." 

One  of  the  products  of  Paraguay  is  tobacco,  which  smokers  say 
has  a  peculiarly  fine  flavour.  An  old  Jesuit  writer  who,  nearly 
300  years  ago,  lived  at  Asuncion,  calls  it  *^  the  Divine  weed,''  and  a 
modern  writer,  after  enjoying  a  smoke  at  the  same  place,  exclaims 
*'  what  blessing  can  equal  a  good  cigar."  Then  there  is  yerba,  or 
native  tea,  an  herb  possessing  many  of  the  qualities  of  China  tea,  but 
more  exhilarating,  and  which  is  largely  used  in  all  the  surrounding 
countries.  Coffee  grows,  and,  so  far  as  the  climate  and  soil  are 
concerned,  there  appears  to  be  nothing  to  hinder  the  cultivation  of 
tea.  Sugar-cane  grows  to  perfection.  The  forests  have  a  great 
variety  of  trees,  the  woods  of  which  are  valuable,  while  the  plains 
and  slopes  are  admirably  adapted  for  the  growth  of  all  kinds  of 
grain  and  for  the  rearing  of  horses,  cattle,  and  sheep.  Almost 
any  plant  requiring  heat  and  richness  of  soil  could  be  culti- 
vated here,  and  doubtless,  now  that  the  nation  is  free  from  its 
former  tyrants  and  is  beginning  to  realise  the  possibilities  of  its 
position,  many  of  these  will  be  introduced.  Unquestionably  the 
throbbings  of  a  new  life  have  already  begun  to  beat  in  the  heart  of 
the  nation,  and  the  commercial  enterprise  which  first  enters  in 
and  takes  advantage  of  the  position  will  i-eap  the  full  reward.    ' 

But  I  fear  that  I  have  spent  too  much  time  upon  this  part  of 
my  subject,  and  must  now  turn  to  others  at  least  equally  important. 

Buenos  Ayres  is  unquestionably  the  great  commercial  centre  of 
these  regions.  In  the  southern  continent  of  America  it  is  the 
counterpart  of  New  York  in  the  northern.  A  city  containing 
500,000  human  beings — a  very  beehive  of  industry  and  enterprise, — 
it  has  of  late  years  progressed  more  rapidly  than  any  city  in  the 
world,  Melbourne  alone  excepted.  So  lately  as  1852  it  had  only 
80,000  inhabitants,  but  since  then  it  has  strengthened  its  stakes 
and  lengthened  its  cords  until  the  half  million  has  been  reached — 
the  stepping-stone  to  a  greater  number,  which  is  being  rapidly 
attained.  This  city  is  built  upon  the  banks  of  the  muddy  Plate, 
and  on  the  edge  of  a  vast  plain  extending  to  the  west,  to  the 
north,  and  to  the  south,  for  hundreds  upon  hundi*eds  of  miles, 
perfectly  level;  and  when  you  get  away  from  the  towns,  there  is 
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not  a  tree  to  break  the  monotony  of  the  scene.  Indeed,  the  only 
tree  indigenous  to  this  part  of  the  country  is  the  ombu,  a  very 
beautiful  tree,  having  very  much  the  appearance  of  an  oak,  growing 
sometimes  to  an  immense  size ;  it  is,  however,  of  no  commercial 
value,  the  wood  being  so  soft  that  you  can  push  a  knife  up  to  the 
heft  in  its  spongy  tissue  as  it  grows. 

These  vast  plains,  known  in  our  geography  books  as  the  Pampas 
of  South  America,  are  the  rearing  places  for  vast  herds  of  cattle  and 
great  flocks  of  sheep,  and  of  late  years  they  are  fast  becoming 
fields  upon  which  great  and  increasing  quantities  of  wheat,  oats, 
and  Indian  com  are  grown.  One  great  want  is  the  scarcity  of 
stones,  these  vast  plains  not  naturally  possessing  one  as  big  as 
your  hand.  There  are  therefore  none  for  road  making,  railway 
ballasting,  or  building;  the  roads  in  consequence  are  vile,  the 
paving  of  the  streets  is  very  indifferent  for  want  of  a  proper  bottom, 
and  all  the  buildings  are  of  brick,  covered  with  cement. 

To  Great  Britain,  which  even  yet  has  by  far  the  largest  trade 
with  these  regions,  but  which  is  being  keenly  contested  for  by 
foreigners,  and  especially  by  Germans,  their  progress  is  of  vast 
importance,  and  it  is  passing  strange  to  find  such  an  ignorance 
among  us  of  almost  everything  connected  with  them.  It  is, 
however,  an  important  fact  that  more  than  any  other  country 
in  the  world  the  Argentine  and  Uruguayan  Kepublics  have 
progressed  in  late  years.  Both  the  people  and  the  governments 
appear  in  some  good  measure  to  have  realised  the  latent  powers 
of  their  countries,  and  although  they  might,  in  some  things,  take 
wiser  measures  for  developing  these,  yet,  on  the  whole,  they  have 
been  successful  beyond  all  precedent. 

Not  content  with  the  magnificent  waterways  with  which  nature 
has  furnished  them,  railways  have  been  pushed  out  from  Buenos 
Ayres  and  Rosario,  the  two  great  commercial  centres  of  the 
Argentine  Republic,  in  all  directions.  It  is  only  twenty  years 
since  the  first  railway  was  constructed,  and  now  4,200  miles  have 
been  built  and  opened,  while  the  immense  extent  of  new  line 
which  is  either  under  construction  or  projected  gives  promise  that 
the  present  length  of  line  will  before  long  be  doubled.  The  lines 
which  have  been  opened  run  from  Buenos  Ayres  southward  to  Bahia 
Blanca — a  distance  of  500  miles,  westward  by  the  Central  Argentine 
to  the  foot  of  the  Andes,  and  there  are  now  only  100  miles  to  make, 
in  order  to  unite  the  Chilian  with  the  Argentine  systems;  and 
there  is  a  line  northward  to  Kosario,  while  from  the  latter  city  lines 
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are  carried  westward  to  Tucuman  and  Mendoza,  two  cities  lying 
at  the  foot  of  the  Andes,  and  northward  far  beyond  Santa  Fd. 
All  these  trunk  lines  are  connected  by  a  network  of  minor  railways 
with  every  town  of  any  importance  within  the  radius  of  their  wide- 
stretching  arms.  It  is  proposed  to  extend  the  Tucuman  line  into 
Chili,  and  to  construct  one  from  Bahia  Blanca  to  the  same  country, 
thus  tapping  the  coal-fields  of  the  west  coast,  and  bringing  produce 
and  passengers  from  the  one  seaboard  to  the  other  in  forty-eight 
houi*s,  which  at  present,  by  the  Straits  of  Magellan,  takes  fifteen 
days  by  steamer.  In  addition,  the  Messra  Clarke  of  Londoi^  are 
constructing  immense  lengths  of  raUway  in  Corrientes  and 
Misiones,  and  it  is  proposed  to  continue  the  present  lines  into 
Bolivia,  one  of  the  richest  mineral  countries  in  the  world. 

The  development  which  has  taken  place  in  the  material  prosperity 
of  the  country  justifies  this  great  extension,  of  which  it  is  at  once 
the  outcome  and  the  cause.  In  order  to  give  some  idea  of  this 
development,  let  me  state  that  in  1876  Argentine  imports 
amounted  to  £7,000,000;  in  1883  they  were  £15,000,000;  in  1885 
£17,000,000,  while  the  exports  for  the  same  period  amounted  to 
£9,000,000,  £12,000,000,  and  £15,000,000  respectively,  the  total 
trade  for  1885  being  £32,000,000,  a  larger  amount  per  head  of  the 
population  than  in  any  country  in  Europe,  except  Britain,  Belgium, 
and  Holland.  The  revenue  shows  the  same  remarkable  progress, 
it  having  increased  three-fold  since  1876,  amounting  in  1887  to 
£11,460,000.  If  we  turn  to  Uruguay  the  total  foreign  trade  in 
1875  amounted  to  £5,000,000;  in  1885  it  had  increased  to 
£10,400,000.  During  1886  309  steamers  arrived  in  the  Plate 
from  Great  Britain,  and  in  addition  there  were  a  large  number 
from  Belgium,  France,  Spain,  Portugal,  and  Italy,  while  57 
steamers  arrived  at  Monte  Video  every  month  during  1886. 
Two  years  ago  not  one  carcase  of  meat  was  exported;  now  the 
trade  is  represented  by  monthly  shipments  amounting  to 
20,000  carcases.  Up  till  1884  not  a  single  bushel  of  grain 
had  been  exported;  in  1886  the  value  of  the  exports  of  this 
article  amounted  to  £1,500,000.  Again,  if  we  examine  the 
stock  of  sheep  and  cattle,  which  form  the  staple  riches  of  the 
country,  we  find  that  while  Australia  is  possessed  of  72,000,000 
sheep,  the  Argentine  Republic  has  100,000,000,  or  25  sheep  per 
head  of  the  inhabitants,  and  the  Republic  of  Uruguay  has  42 
sheep  for  every  man,  woman,  and  child  within  its  borders,  and 
these  two  republics  possess  38,000,000  homed  cattle.     It  is  not 


Mr.  John  Qallowat  on  the  River  Plate  System,       241 

to  be  wondered  at  if  in  circumstances  such  as  these  emigrants 
are  pouring  into  these  countries,  mostly  from  Southern  £urope, 
the  number  of  these  arriving  in  the  Argentine  and  [Jruguajan 
Republics  during  1887  having  amounted  to  about  160,000;  and 
year  by  year  the  numbers  are  increasing.  These  obtain  great 
advantages  from  the  Government,  and  settle  down  with  great 
rapidity  in  their  new  homes,  adding  immensely  to  the  wealth  of 
the  country;  and  when  it  is  considered  that  the  Argentine  Re- 
public alone  equals  in  area  the  whole  of  Great  Britain  and  Ireland, 
France,  Spain,  Portugal,  Belgium,  Holland,  Germany,  Austria, 
Hungary,  Italy,  and  Greece  put  together,  and  that  the  present 
population  does  not  exceed  3^  millions,  some  idea  may  be  formed 
of  the  extraordinary  possibilities  of  the  future.  The  Republic  of 
Uruguay  is  equal  to  England  and  Wales,  while  Paraguay  is  about 
the  same  size  as  the  United  Kingdom.  The  population  of  the 
Argentine  Republic  has  in  25  years  increased  154  per  cent.,  as 
against  79  per  cent,  in  the  same  period  by  the  United  States. 

A  complete  educational  system  has  been  introduced,  being  a 
copy  of  that  ^adopted  by  the  United  States.  The  public  schools 
are  beautiful  buildings,  equalling  those  of  our  own  board  schools. 
The  money  appropriated  by  the  State  to  this  department  equals 
$10.20  per  head  of  the  population,  being  a  higher  proportion  than 
is  given  by  any  other  country  in  the  world;  our  own  country, 
which  is  the  next  highest,  being  89.10.  The  most  complete  re- 
ligious toleration  exists;  and,  as  in  Scotland,  education  is  compul- 
sory. Like  most  Roman  Catholic  countries  the  men  are  extremely 
careless  about  all  religion,  church  attendance  being  left  to  the 
other  sex,  and  in  some  large  towns  even  they  appear  to  pay  little 
attention  to  such  duties.  In  Gualaguaychu,  for  instance,  there  is 
no  church,  although  it  has  a  population  of  about  14,000.  Service 
is  performed  in  a  small  hall,  and  the  walls  of  a  church,  long  since 
commenced  but  never  finished,  attest  the  carelessness  of  the  people. 
Whatever  they  may  be  in  religious  matters,  there  can  be  no  doubt 
as  to  their  business  application,  and  I  was  frequently  sorry  to  see 
how  many,  forgetting  the  higher  and  nobler  things  of  revelation, 
betook  themselves,  with  an  ardour  which  admitted  of  neither  rest 
nor  relaxation,  to  the  making  of  money,  and  I  could  not  help 
concluding  that  the  immense  number  of  suicides  in  Buenos  Ayres 
was  to  be  accounted  for  by  this  incessant  mental  strain. 

The  people,  however,  are  kind  and  hospitable  to  a  degree  that 
it  would  be  difficult  to  find  equalled  in  any  other  part  of  the 
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world,  and  money  flows  from  them  in  a  way  that  almost  takes 
the  breath  from  an  ordinary  Scotchman.  This  is  all  the  more 
remarkable  that  Buenos  Ayres  is  the  most  expensive  city  in  the 
world  to  live  in,  being  at  least  four  times  as  expensive  as  with  us. 
House  rents  are  especially  high.  A  house  which  in  Glasgow 
would  yield  a  rent  of  £40  would  in  Buenos  Ayres  bring  £300. 

The  climate  is  one  of  the  finest  in  the  world,  day  succeeding  day 
with  a  brilliancy  and  a  splendour  of  which  we  in  this  land  of  clouds 
and  mists  are  utterly  ignorant.  There  are  what  are  known  as 
pamperos,  strong  south  winds,  frequently  accompanied  by  rain, 
and  in  the  winter  season,  bitterly  cold;  when  a  very  severe  gale 
comes  it  is  called  a  tormiento.  I  was  the  witness  of  a  very  severe 
specimen.  Two  days  previous  to  its  breaking  out^  it  was  evident 
that  there  were  very  strong  electrical  disturbances,  the  sky  being 
covered  with  cirro-stratus  clouds  of  the  most  extraordinary  size  and 
appearance.  On  the  following  day,  the  sky  was  darkened  with 
dense  masses  of  ciunuli,  many  of  which  werq  almost  coal  black, 
giving  a  weird  and  unearthly  appearance  to  everything,  and  there 
was  a  little  thunder  and  lightning.  But  it  was  on  the  third  day 
that  the  tempest  broke  forth  in  all  its  fury.  A  hurricane  of  wind, 
accompanied  by  blinding  rain,  swept  over  the  whole  country.  At 
Salto  on  the  Uruguay,  where  I  happened  to  be  at  the  time,  and 
which  is  300  miles  from  the  sea,  the  waves  on  the  river  were  so  high 
as  to  prevent  all  trafficf  or  twodays.  One  extraordinary  effect  of  wind 
upon  the  Plate  is  the  ebbing  and  flowing  of  the  waters  according 
to  its  force  and  the  direction  in  which  it  is  blowing.  To  such  an 
extent  is  this  the  case  that  sometimes  the  fields  in  the  neighbour- 
hood of  Buenos  Ayres  are  flooded,  and  sometimes  the  water 
recedes  for  nearly  a  mile  beyond  the  normal  point,  while  on  the 
occasion  to  which  I  have  referred  immense  tracks  were  put  under 
water,  hundreds  of  cattle  and  horses  were  drowned,  and,  indeed, 
one  family  of  five  or  six  persons  lost  their  lives  in  the  same  way. 

The  thunderstorms  are  very  grand,  and  the  play  of  the  lightning 
is  very  curious ;  frequently  the  centre  of  disturbance  from  which 
forked  lightning  is  being  discharged  is  fringed  with  clouds  emitting 
only  sheet  lightning,  and  every  discharge  in  the  centre  is  responded 
to  by  flashes  of  sheet  lightning  in  the  outskirts.  I  hate  never  in 
this  country  seen  one  cloud  discharge  into  another,  it  has  always 
been  either  a  discharge  from  the  clouds  to  the  earth  or  from  the 
earth  to  the  clouds.  There,  however,  in  every  thunderstorm  I 
watched  I  should  say  that  at  least  one-half  of  the  discharges  were 
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from  cloud  to  cloud.  Frequently  the  electricity  would  leave  the 
cloud  as  if  attracted  by  the  earth,  and  in  its  course  be  deflected  by 
the  superior  attraction  of  some  neighbouring  cloud,  and  in  this 
way  be  made  to  perform  the  most  curious  curves.  Another  curious 
phenomenon  connected  with  these  storms  was  the  frequency  with 
which  more  than  one  fork  of  lightning  was  discharged  at  the  same 
moment.  On  one  occasion  I  saw  at  least  eight  such  forks,  and  as 
they  zig-zagged  in  a  curve  from  one  cloud  to  another,  and  all  in 
the  plane  of  my  vision,  they  appeared  to  intertwine  the  one  with 
the  other  in  a  most  extraordinary  manner,  making  a  display  of 
celestial  fireworks  such  as  I  nad  never  witnessed  before. 

Let  me  close  up  with  a  reference  to  some  of  the  disadvantages 
belonging  to  the  country.  I  may  do  no  more  than  name  mosquitos 
and  sand  flies,  as  according  to  the  modem  theory  each  one  of  these 
troublesome  insects  is  only  a  diminutive  Dr.  Pasteur,  inoculating 
(especially  new  comers)  with  the  marsh  poison,  so  as  to  prevent 
marsh  fever.  They  are  thus  blessings  in  disguise.  But  there  is  also 
the  Beecho  Colorado,  a  small  scarlet  animal  which  buries  itself 
under  the  skin,  causing  most  painful  wounds.  There  are  centipedes, 
poisonous  spiders,  and  ants,  the  latter  being  most  vexatious  pests. 
These,  however,  are  things  which  can  be  warded  off.  There  are 
other  evils  more  difficult  to  fight  with.  It  will  readily  be  under- 
stood that  in  a  country  so  sparsely  populated,  and  with  so  many 
of  its  inhabitants  possessed  of  the  hot  impetuous  temperament  of 
Southern  Europe,  that  away  from  the  centres  of  population  brutal 
murders  frequently  take  place  for  the  sake  of  plunder,  while 
quarrels  in  town  and  country  very  often  lead  to  the  same  sad 
result  In  higher  circles  duelling  is  the  common,  and  the  most 
unreasonable  way  of  adjusting  difficulties,  and  this  method  not 
unfrequently  ends  fatally. 

One  great  drawback  to  business  is  the  want  of  a  metal  basis  for 
the  currency  of  the  country,  and  the  consequence  is  that  the  forced 
paper  money  in  circulation  is  always  at  a  discount.  The  amount 
of  this  depreciation  fiuctuates  from  day  to  day  with  every  rumour, 
and  with  every  ruse  of  the  gamblers  on  the  Bourse,  and  this  to  such 
an  extent  that  withih  the  past  two  years,  it  has  varied  from  116 
to  151,  or,  in  other  words,  it  took  151  paper  dollars  at  one  time  to 
purchase  what  at  another  could  be  got  for  116.  This  upsets  all 
mercantile  calculations,  and  forces  merchants  to  take  enormous 
profits  in  order  to  cover  possible  losses,  gives  opportunities  for 
wild  speculation,  brings  about  bankruptcies  where  none  would 
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otherwise  be,  and,  indeed,  permeates  all  business  transactions, 
putting  them,  more  or  less,  upon  a  false  basis.  Another  grievous 
hindrance  to  trade  is  the.  duties,  levied  for  the  purpose  of  pro- 
tecting what  are  termed  native  industries.  These  take  two 
forms,  the  one  duties  upon  imports,  and  the  other  concessions 
to  individuals  carrying  on  particular  trades,  either  giving  them 
the  sole  right  to  do  so,  or  money  grants  which  make  opposition 
impossible.  But  for  these  artificial  restraints  upon  commerce  I 
believe  that,  rapidly  as  the  country  is  developing  in  spite  of  them, 
it  would  do  so  vastly  more  without. 

Another  great  evil  is  the  necessity  there  is  for  oversea  ships 
which  draw  more  than  seventeen  feet  of  water,  lying  a  distance  of 
twelve  miles  from  the  shore.  The  consequence  is  that  the 
lighterage  costs  about  as  much  as  the  freight  from  Europe,  thus 
putting  a  tremendous  tax  upon  commerce.  New  docks  of 
immense  proportions  are,  however,  in  course  of  construction  at 
£uenos  Ayres,  and  will  probably  be  finished  in  three  years,  while 
at  La  Plata,  a  city  about  seventeen  miles  south  from  Buenos 
Ayres,  immense  docks,  which  would  put  any  on  the  Clyde  to 
shame,  are  in  course  of  construction  and  should  be  finished  in 
about  a  year  hence;  and  as  these  have  immediate  access  to  deep 
water  this  will  probably  soon  become  a  place  of  great  importance 
to  the  trade  of  the  country. 

And  now  I  must  draw  to  a  close;  my  time  fails  me,  but  not  my 
subject.  I  would  like  to  have  spoken  regarding  the  Republic  of 
Uruguay  and  its  present  brilliant  prospects;  of  the  river  Uruguay, 
of  its  trade,  and  of  some  curious  phenomena  connected  with  it ;  of 
the  great  Chaco  or  forest;  of  the  city  of  La  Plata,  which  only  six 
years  since  had  no  existence,  and  is  now  possessed  of  a  population 
of  85,000,  and  has  buildings  of  which  Paris  or  London  might  be 
proud. 

I  have  endeavoured  to  give  you  a  very  brief  and  hurried  account 
of  these  great  countries,  which  are  rapidly  looming  into  view,  big 
with  the  promise  of  a  mighty  future;  and  if  I  have  succeeded  in 
imparting  information,  in  begetting  an  interest  in  their  welfare, 
or  in  stirring  up  the  business  spirit  of  Glasgow  to  step  in  and  take 
advantage  of  the  open  door  which  lies  before  her,  I  shall  consider 
myself  amply  rewarded. 
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XIL — Biographical  Notice  of  the  late  Dr,  Andretv  Fergus.  By 
£ben.  Duncan,  M.D.,  Presideat  of  the  Sanitary  and  Social 
Economy  Section,  and  Professor  of  Medical  Jurisprudence  in 
Anderson's  College  Medical  School. 


[Read  before  the  Society  14th  December,  1887.] 


It  was  with  a  universal  feeling  of  deep  regret  and  sense  of  loss  that 
the  community  of  Glasgow  received,  on  the  morning  of  30th  July 
last,  the  news  of  the  death  of  Dr.  Andrew  Fergus. 

At  its  earliest  opportunity  the  Philosophical  Society,  of  which 
he  had  been  such  a  distinguished  member,  placed  on  record  its 
grateful  recollection  of  the  services  which  he  had  rendered  to  the 
Society,  and  its  sense  of  the  great  loss  which  it  had  sustained  by 
his  death.  When  we  passed  this  resolution  we  also  determined 
that  a  more  detailed  account  of  his  life  and  life-work  should  be 
prepared.  We  felt  that  this  was  due  to  his  memory,  not  only  on 
account  of  the  prominent  and  useful  part  which  he  had,  for  so 
many  years,  taken  in  the  work  of  this  Society,  but  also  because  of 
the  valuable  public  services  which  he  had  rendered  during  the  last 
thirty  years  of  his  life,  particularly  in  the  department  of  Sanitary 
Science. 

As  President  of  the  Sanitary  and  Social  Economy  Section,  I 
have  undertaken  the  duty,  which  I  esteem  an  honour,  of  putting 
the  facts  of  his  life  in  such  a  form  as  may  be  suitable  for  publication 
and  preservation  in  our  records. 

Dr.  Andrew  Fergus  was  born  in  Newcastle  on  12th  May,  1822. 
His  father  and  mother  were  natives  of  Kirkintilloch,  and  were  both 
descendants  of  a  good  old  stock  of  Scottish  yeoman  farmers.  His 
father  became  a  clergyman  of  the  Church  of  Scotland.  After 
having  held  vanous  charges  in  Scotland  he  was  called  to  be 
minister  of  the  Presbyterian  Church  in  Newcastle.  He  had  a 
numerous  family.  The  subject  of  our  memoir,  who  was  a  younger 
son,  was  bom  after  the  removal  of  the  family  to  the  new  charge 
in  England,  where  they  remained  until  the  death  of  his  father. 
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Our  late  feUow-member  b^an  his  medical  edacadaii  at  a  Tery 
caiij  age.  At  14  jeara  of  age  he  went  to  London,  and  became  a 
papil  with  his  brother,  who  had  charge  of  a  pdurochial  hospital  there. 
Hia  medical  claaseK  were  taken  first  in  King^s  Collie,  London ;  bat 
on  the  death  of  his  father,  which  oocorred  daring  his  student  years, 
his  mother  removed  to  Ghisgow,  and  so  he  came  to  complete  his 
utadies  at  the  Ghugow  University.  In  1845  he  went  back  to 
London,  and  having  passed  the  usual  examination,  he  became  a 
member  of  the  Royal  €k>llege  of  Surgeons  of  England. 

His  health  had  sofiTered  daring  his  stadentship,  and  on  that 
acoonnt  he  became  a  ship's  surgeon,  and  continued  so  for  two  years. 
Part  of  that  time  he  spent  in  the  Arctic  r^ons  as  surgeon  to  a 
whaling   ship.     In  1847   he  returned   to  Glasgow,  and   having 
obtained  an  appointment  as  parochial  surgeon  to  the  Anderston 
district,  he  settled  down  to  hard  work  as  a  general  practitioner. 
His  district  at  that  time  contained  some  of  .the  worst  household 
property  in  Glasgow,  and  so  there,  almost  at  the  very  b^inning 
of  his  career,  he  was  brought  face  to  £sM:e  with  the  study  of  insani- 
tary conditions  and  their  terrible  results.     In  those  days  typhus 
and  other  fevers  raged  as  an  almost  continuous  epidemic  in  the 
insanitary  back  courts  and  slums  of  Glasgow.     In  the  second  year 
of  his  practice  there  broke  out  the  great  cholera  epidemic  of  1848, 
which  continued  without  abatement  for  four  months,  and  caused 
nearly  4,000  deaths  in  the  city  districts.     The  large  experience 
which  Dr.  Fergus  gained  in  the  treatment  of  cholera  during  this 
epidemic   led   him  to  form  the  following   opinions: — 1st.  That, 
in  this   climate,  the  choleraic   seizure    is  always   preceded   by 
premonitory  and  generally  painless  diarrhoea;  2nd.  That  if  these 
premonitory  symptoms  are  properly  treated   the  disease  can  be 
arrested ;  3rd.  That  in  the  premonitory  stage  opium  in  full  doses 
is  an  infallible  specific  remedy  for  cholera.    In  1854,  when  cholera 
again  broke  out  with  epidemic  violence,  Dr.  Fergus  was  still  at 
his  post  of  observation  as  district  surgeon;  and  now  we  get  an 
interesting  glimpse  of  him  as  a  practical  sanitarian.    I  quote  from 
a  pamphlet  on  cholera  which  he  published  in  1866.     He  says: — 

"When  the  disease  returned  in  1854,  I  put  my  former  ex- 
perience to  the  test.  I  warned  everyone  who  consulted  me  as  to 
what  was  really  the  first  symptom  or  stage  of  cholera,  and  how  to 
treat  it,  and  in  no  case  where  my  instructions  were  followed  out 
did  the  ailment  go  beyond  diarrhoea.  My  views  were  tested  bj 
the  performance  of  an  experiment  on  a  very  large  scala     A  man 
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employed  in  one  of  the  largest  engineering  establishments  in  this 
city  was  at  his  work  till  mid-day,  and  dead  by  eight  o'clock  the 
same  evening.  This  caused  a  great  panic  among  the  rest  of  the 
workmen.  One  of  the  foremen,  who  had  lost  his  wife  in  the 
epidemic  of  1848,  had  afterwards  adopted  my  instructions,  and 
had  kept  his  CsimOy  free  from  cholera,  and  he  now  applied  to  me 
as  to  what  was  to  be  done  with  his  men.  I  reminded  him  of  his 
own  experience  in  1848,  and  advised  his  giving  them  the  benefit 
of  it.  He  went  away,  but  presently  returned  with  several  of  the 
other  foremen.  They  said  the  men  were  so  terror-stricken  that 
they  could  make  no  impression  on  them,  so  they  had  come  as  a 
deputation  to  see  if  I  would  go  down  and  speak  to  them.  This, 
after  some  hesitation,  I  agreed  to  do.  I  told  them,  if  they  were 
living  temperately,  both  in  eating  and  drinking,  there  was  no 
reason  why  they  should  not  continue  their  usual  diet.  To  abstain 
from  certain  articles  of  ordinary  food  would  only  increase  the 
feeling  of  fear  by  keeping  the  matter  always  in  mind.  I  told  them 
the  disease  was  not  a  sudden  one,  knocking  them  down,  as  they 
expressed  it,  but  that  it  gave  ample  notice ;  and  I  warned  them 
to  attend  to  the  slightest  relaxation  of  the  bowels,  adding,  that 
there  was  more  danger  when  there  was  less  pain.  I  said  they 
might  take  any  of  the  other  drugs  they  saw  recommended  in  the 
newspapers,  but  that  to  each  dose  they  must  add  one  teaspoonful 
of  laudanum ;  that  each  of  the  foremen  should  be  provided  with 
this  medicine;  and  that  as  soon  as  the  slightest  diarrhoea  occurred 
among  the  men,  they  were  to  get  a  dose,  go  home  to  bed  im- 
mediately, and  remain  there  two  or  three  days.  I  said,  moreover, 
that  if  one  dose  did  not  check  the  ailment  they  were  to  take  a 
second,  and  a  third  if  necessary,  and  to  procure  medical  attendance 
without  delay — these  directions  being  no  substitute  for  that,  but 
merely  to  be  of  -use  to  them  and  to  their  families  in  the  first 
emergency.  Next  morning  Mr.  H.,  the  foreman,  called.  He 
said,  your  short  address  last  night  has  wrought  like  a  charm ;  the 
men  are  all  cheerful  and  active  to-day ;  they  feared  the  cholera 
as  an  unseen  enemy  to  knock  them  hopelessly  down.  Now  they 
see  there  is  hope  and  power  of  prevention.  In  fact,  the  address 
has  done  so  much  good  that  we  are  anxious  that  you  should  speak 
to  the  men  in  our  other  work.  I  did  so,  and  the  result  was  that 
from  that  time  in  January  till  the  end  of  May,  of  250  men  who 
took  diarrhcBa,  and  tuere  treated  by  thejoremany  not  one  case  tvetU 
on  to  cholera." 


248  Philosophical  Society  of  Glasgow. 

I  will  not  in  this  paper  criticise  the  views  expressed  here  so 
strongly  by  Dr.  Fergus.  In  the  year  1865  he  brought  these 
facts  and  opinions  forward  at  a  discussion  on  cholera  in  the 
Medico-Chirurgical  Society  of  this  city.  At  that  meeting  the 
treatment  which  he  advocated  was  approved  off  by  the  majority 
of  the  physicians  who  had  had  experience  of  the  treatment  of 
cholera  in  these  epidemics. 

A  few  years  after  the  subsidence  of  the  cholera  epidemic  of 
1854,  Dr.  Fergus  had  his  attention  called  to  the  causation  and 
prevention  of  other  forms  of  epidemic  diseases,  in  the  following 
striking  manner  : — He  lived  at  that  time  in  the  middle  flat  of  a 
tenement  in  St.  Vincent  Street.  The  person  who  occupied  the 
flat  below  had  two  cases  of  typhoid  fever  in  his  family,  which 
Dr.  Fergus  was  called  to  attend.  At  that  time  he  was  troubled 
with  very  bad  smells  in  his  own  house,  his  water-closet,  and 
also  in  the  room  above  that  occupied  by  the  typhoid  patients. 
Being  afraid  of  the  disease  spreading  to  his  own  family,  he 
called  in  a  plumber  and  had  his  water-closet  inspected.  He 
superintended  the  operations  of  the  workman,  and  found  that 
the  smells  were  issuing  from  ragged  holes  in  the  soil-pipe 
underneath  his  water-closet.  He  also  found  that  the  soil-pipe 
was  very  much  decayed  all  round  these  apertures,  and  it  occurred 
to  his  mind  that  this  condition  might  be  common  in  old  houses, 
and  might  have  some  connection  with  the  prevalence  of  disease 
there.  So  strongly  did  this  idea  take  possession  of  his  mind 
that  he  could  scarcely  sleep  that  night  for  thinking  of  it  as  a 
discovery  of  great  importance.  From  that  time  forward,  in 
every  case  in  which  he  was  called  to  attend  upon  typhoid 
fever  patients,  he  insisted  on  an  examination  of  the  soil-pipe ; 
and  this  examination  generally  resulted  in  the  detection  of  holes 
and  ragged  perforations.  Observation  and  reflection  led  him  to 
form  these  opinions  : — (1)  That  these  perforations  were  caused 
by  the  action  of  the  sewage  gases;  and  (2)  that  the  sewage 
gases  entering  dwellings  by  such  apertures  were  not  only  im- 
portant factors  in  the  deterioration  of  the  health  of  their  inmates, 
but  also  active  agents  in  producing  such  diseases  as  typhoid 
fever,  cholera,  diphtheria,  scarlet  fever,  diarrhoea,  and  phthisis. 

After  some  years  of  observation,  he  promulgated  his  theories 
on  this  subject  at  a  meeting  of  the  Medico-Chirurgical  Society 
of  Glasgow,  held  in  October,  1868.  The  importance  of  his  dis- 
covery was  not  appreciated  by  that  meeting,  and  his  theory  of  the 
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connection  between  soil-pipe  perforations  and  the  occurrence  of 
specific  diseases  was  looked  upon  with  disfavour  and  incredulity. 
Dr,  Fergus  was  in  earnest,  and  was  not  to  be  put  down  bj  un- 
favourable criticism.  He  brought  forward  papers  on  the  same 
subject,  and  reaffirmed  his  opinions  at  the  Social  Science  Congress 
held  in  Newcastle  in  1870,  at  the  Social  Science  Congress  held  in 
Leeds  in  1871,  and  at  the  Medico-Chirurgical  Society  of  Edin- 
burgh in  1872.  At  these  meetings  he  exhibited  an  accumulating 
store  of  decayed  soil-pipes  taken  from  houses  in  which  he  had 
attended  cases  of  epidemic  disease,  and  in  which  he  attributed 
the  occurrence  of  the  disease  to  sewer-gas  admitted  by  these 
perforations.  The  serious  attack  of  typhoid  fever  from  which 
the  Prince  of  Wales  suffered  in  January,  1872,  connected  as  it 
was  in  the  public  mind  with  the  disgraceful  conditions  of  the 
drainage  and  sewer  connections  of  the  house  in  which  it  was  sup- 
posed that  he  had  contracted  the  disease,  was  the  turning-point 
.  in  the  tide  both  of  professional  and  of  popular  opinion  as  to 
the  theories  publicly  promulgated  during  the  four  previous  years 
by  Dr.  Fergus.  From  that  time  his  opinions  as  to  the  evil 
influence  of  sewage  gases  on  the  public  health  and  their  relation- 
ship to  the  outbreak  of  epidemic  diseases  were  adopted  and 
endorsed  by  the  leaders  of  medical  opinion  in  this  country. 

I  have  on  several  occasions  brought  before  this  Society  my  reasons 
for  holding  the  opinion  that  the  sewer-gas  theory  of  the  origin 
of  such  diseases  as  typhoid  fever  and  diphtheria  has  been  carried 
too  far.  In  view  of  what  modern  investigation  has  taught  us  as 
to  the  specific  and  particulate  nature  of  the  contagium  of  such 
diseases,  and  in  view  of  the  discoveries  which  have  been  made  as 
to  the  numerous  media  by  which  their  germs  may  be  carried  from 
the  sick  to  the  healthy,  the  sewer-gas  theory  has  undergone 
modification,  and  in  my  opinion  will  undergo  greater  modifica- 
tion still.  But  the  fact  that  the  presence  of  gases  from 
decomposing  sewage  in  the  atmosphere  of  our  dwellings  is 
prejudicial  to  health  will  never  be  denied.  To  Dr.  Fergus,  more 
than  to  any  other  man,  is  due  the  credit  of  arousing  public 
attention  to  the  manifold  defects  of  our  water-closets  and  house- 
drains,  which  permit  of  such  dangerous  contamination  of  the  air 
of  our  dwellings.  To  his  influence  we  may  also  trace  the  institu- 
tion of  the  sanitary  associations  of  our  large  towns — associations 
which  are  doing  such  a  great  work  in  the  detection,  and  in  the 
remedy  of  the  defects  to   which  Dr.   Fergus  so  forcibly  drew 
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public  attention.     For  these  serrioes  his  name  will  remain  in  the 

annals  of  sanitary  science  as  that  of  a  pnblic  bene&ctor — as  the 

name  of  a  man  who  has  done  a  work  in  the  cause  of  public  health 

which  ranks  as  one  of  national  importance. 

Dr.  Fergus  was  elected  a  member  of  the  Glasgow  Philosophical 

Society  in  1869.     It  is  interesting  to  note  that  at  the  time  of  his 

admission  to  our  membership  the  subject  under  discussion  was  the 

*'  Sewage  Question."     The  first  three  meetings  of  the  session  were 

devoted  to  this  question,  which  was  a  burning  one  in  Glasgow  at 

that  time.     Dr.  Fergus  took  part  in  the  adjourned  discussion  on 

the  evening  of  his  admission.     At  the  same  meeting  a  deputation 

i^peared  before  the  council  of  the  Society  from  the  Glasgow  Sewage 

Association  with  the  proposal  to  join  the  Philosophical  Society  as 

a  Section  of  Sanitary  and  Social  Economy.     This  proposal  was 

accepted  by  the  Society,  and  Dr.  Fergus,  who  had  been  a  leading 

member  of  the  Sewage  Association,  became  the  first  Yice-President 

of  the  Sanitary  and  Social  Economy  Section.     The  names  of  the 

first  office-bearers  of  the  Section  wiU  be  read  with  interest  by  the 

members : — 

PredderU: 

Mr.  Charles  Randolph. 

Vice-Presidents  : 

Andrew  Fergus,  M.D. 

Mr.  W.  R.  W.  Smith. 

Secretary: 
Mr.  D.  G.  HoKY. 
Ordinary  Members  of  Committee: 
Messrs.  Thomas  Hoey.  Mr.  Willl^ui  M*Adam. 

James  Anderson.  Councillor  Mathieson. 

James  Deas,  C.£.  Bailie  Mirrlbes. 

Robert  Leoqat.  Mr.  Sigismund  Sohuhan. 

Councillor  Ure. 

In  1872  Dr.  Fergus  became  President  of  the  Section,  and  delirered 
an  inaugural  address  on  "Private  £ill  Legislation:  its  Evils  and 
Remedies.''  In  1873  he  again  addressed  the  section  on  "The 
Sanitary  Solution  of  the  Sewage  Question."  This  address  he 
illustrated  by  certain  experiments  which  showed  that  in  water- 
traps  some  of  the  gases  of  sewer  air  are  absorbed  by  the  water  on 
the  sewer  side  of  the  trap,  and  discharged  by  the  house  end  of  it 
The  address,  which  is  of  great  interest,  was  afterwards  printed 
in  the  Edinburgh  Medical  Jov/mal  for  February,  1874.  At 
the  expiry  of  his  term  of  office  as  President  of  the  Sanitary  and 
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Social  Economy  Section  in  1874,  he  was  elected  Vice-PreBident  of 
the  parent  Society.  As  showing  the  interest  he  took  in  our  pro- 
ceedings, it  may  be  noted  that  in  the  absence  of  Sir  William 
Thomson,  the  President,  Dr.  Fergus  presided  at  all  the  meetings 
of  the  Society  held  that  session,  with  one  exception.  In  1877  he 
was  elected  President  of  the- Society,  and  in  1879  he  delivered  an 
opening  address  on  **  State  and  Preventive  Medicine,"  in  which  he 
dealt  with  the  history  of  Leprosy  in  the  Middle  Ages,  and  gave  an 
account  of  the  early  history  of  vaccination  and  of  its  influence  in 
arresting  the  prevalence  of  smallpox  in  this  country.  In  1880  he 
again  delivered  an  opening  address,  entitled  "A  Sketch  of  the 
Early  Years  of  the  Society."  These  addresses  were  afterwards 
published  in  the  Proceedings  of  the  Society. 

I  shall  conclude  this  brief  and  imperfect  notice  of  his  published 
addresses  by  two  short  extracts  from  his  last  address,  by  which, 
though  dead,  he  may  yet  speak  to  us.  Referring  to  a  paper 
entitled  ^^  Prevention  of  Smoak,"  which  was  read  at  this  Society 
in  1803,  Dr.  Fergus  says: — "This  question  is  much  more 
clamant  now,  and  in  Glasgow  it  has  been  most  shamefully 
neglected — by  the  authorities,  I  would  say,  shamelessly  so. 
I  hope  you  will  bear  with  me  when  I  say  that  the  smoke 
nuisance  is  a  reproach  and  a  disgrace  to  a  city  like  this,  so 
full  of  mechanical  skill  and  ingenuity.  Its  effect  on  the  health 
is  injurious,  and  it  is  hurtful  in  another  way,  inasmuch  as  we  have 
become  so  deadened  to  its  offensiveness  in  an  aesthetic  point  of 
view  that  not  a  single  protest  is  raised  against  the  foul  pollution 
of  the  beautiful  Firth  of  Clyde  during  the  summer  months.  I  be- 
lieve that  all  offensive  smoke  can  be  consumed  ;  that  steamboats 
can  do  so  is  abundantly  proved  by  seeing  them  emit  only  a  little 
colourless  vapour  when  they  are  in  harbour.  As  soon  as  they 
leave  it,  however,  all  restraint  is  at  an  end,  and  the  various 
summer  resorts  are  polluted  by  their  dense  black  smoke  as  they 
pass  them  in  turn.  During  calm  weather  it  is  really  melancholy 
to  see  how  the  beauties  of  nature  are  veiled  by  the  clouds  of 
smoke  which,  layer  upon  layer,  roll  from  successive  steamers." 

I  finish  my  quotations  by  another  extract  from  the  same  ad- 
dress, which  shows  our  late  President  in  another  phase — the 
genial,  happy,  humorous  phase,  so  characteristic  of  him,  and  with 
which  those  who  knew  him  well  were  so  familiar: — "I  find," 
he  says,  'Hhat  on  May  12th,  1806,  a  present  felt  want  was 
supplied.     '  It  was  then  moved  that  a  footstool  be  provided  for  the 
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President's  chair,  which  was  carried,  and  a  card  wrote  to  Mr. 
Watt  to  make  one  accordingly.'  Now,  when  I  first  had  the 
honour  of  occupying  this  chair  it  was  so  much  more  elevated 
than  any  I  had  ever  sat  in  before,  that,  as  my  feet  did  not  nearly 
reach  the  floor,  I  had  some  difficulty  in  keeping  my  seat  On 
applying  to  the  librarian,  he  kindly  provided  me  with  an  old 
packing-box,  by  the  aid  of  which  I  have  been  able  to  get  on  with 
comfort  if  not  with  dignity.  I  humbly  submit  it  to  the  fur- 
nishing committee  whether  the  motion  alluded  to  above  might 
not  with  great  propriety  be  revived  in  favour  of  all  future 
Presidents." 

During  the  years  that  Dr.  Fergus  occupied  the  President's 
chair  the  Society  prospered  greatly,  and  during  that  time  much 
extra  labour  was  put  upon  the  oflice-bearers  by  its  incorporation 
under  the  Companies'  Acts,  and  by  the  building  of  the  premises 
which  we  now  occupy.  To  the  arrangement  and  carrying  out  of 
this  work  Dr.  Fergus  devoted  a  great  deal  of  time  and  thought. 
He  wps  rarely  absent  from  any  meeting,  and  I  think  you  will 
bear  me  out  in  saying  that  no  man  ever  occupied  the  chair  of 
this  Society  with  greater  efficiency  and  general  acceptance. 
When  he  retired  from  office,  a  well-earned  vote  of  thanks  was 
awarded  to  him  by  acclamation,  for  the  able  and  zealous  manner 
in  which  he  had  discharged  his  duties.  Outside  of  this  Society 
his  life  was  full  of  occupations.  How  he  found  time  to  overtake 
all  his  multifarious  engagements,  and  attend  to  the  calls  of  a 
busy  practice  as  a  well-employed  physician,  remains  an  unsolved 
problem  to  many  of  his  friends.  It  is  another  illustration  of  the 
old  observation  that  the  busiest  men  do  most  work  for  the  public 
outside  of  their  own  business.  The  capacity  for  work  grows  with 
the  exercise  of  the  capacity.  In  the  time  left  at  my  disposal,  I 
can  only  give  you  a  hurried  catalogue  of  his  more  important 
public  duties.  His  great  interest  in,  and  knowledge  of,  sanitary 
matters  was  the  principal  factor  in  determining  the  direction  of 
his  public  work.  In  1870  he  was  induced  by  some  gentlemen, 
who  were  interested  in  the  sanitary  improvement  of  the  City,  to 
enter  the  Town  Council  as  representative  of  the  ward  in  which 
he  lived.  During  his  three  years'  term  of  office  as  a  Town  Coun- 
cillor he  took  an  active  part  in  the  meetings  of  the  Health 
Committee,  and  he  initiated  several  sanitary  inquiries  which 
have  been  of  great  public  utility.  In  1874  he  was  elected 
President  of  the  Faculty  of  Physicians  and  Surgeons  of  Glasgow, 
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and  in  that  capacity  he  performed  his  duties  with  such  diligence 
.and  acceptance  that  he  was  twice  re-elected,  an  honour  rarely 
bestowed  on  any  man  in  the  long  history  of  that  ancient  Incor- 
poration. When  the  Social  Science  Congress  came  to  Glasgow 
in  1874  he  acted  as  one  of  the  local  secretaries,  and  by  i*eque8t 
opened  a  discussion  on  the  disposal  of  sewage  in  the  Health 
Section.  He  acted  as  one  of  the  treasurers  to  the  British 
Association  for  the  Advancement  of  Science  when  it  held  its 
meeting  in  Glasgow  in  1876.  In  1877  he  received  the  appoint- 
ment of  Crown  representative  for  Scotland  in  the  General  Medical 
Council,  in  room  of  Sir  Joseph  Lister,  and  continued  to  attend 
its  meetings  in  London  during  a  ten  years'  tenure  of  office.  He 
was  an  active  supporter  of  the  Glasgow  Science  Lectures  Associa- 
tion, and  he  delivered  the  address  on  Public  Medicine  at  the 
meeting  of  the  British  Medical  Association  held  in  Cork  in  1879. 
He  took  an  active  interest  in  almost  every  charitable  and  philan- 
thropic institution.  In  particular,  he  was  a  much- valued  member 
of  the  Board  of  Management  of  the  Koyal  Infirmary,  of  the 
Western  Infirmary,  and  of  the  Eye  Infirmary.  For  many  years  he 
was  a  Manager  of  Anderson's  College,  and  latterly  he  was  Chairman 
of  the  Managers  of  that  Institution,  and  took  a  warm  interest 
in  the  scheme  for  the  formation  of  a  Technical  College  in  Glasgow. 

In  every  position  which  he  occupied  he  did  his  work  conscien- 
tiously and  well.  He  was  never  a  very  robust  man,  and  such  a 
strain  of  continuous  work  was  sure  to  tell  on  his  healtL  For  some 
time  before  his  last  illness  he  had  spoken  of  his  life  as  a  weary  fight 
with  bodily  weakness,  and  thought  of  retiring  from  practice,  so 
that  he  might  enjoy  a  few  years  of  rest  and  quiet  before  the  end 
came.  But  it  was  not  to  be.  On  the  18th  of  July  he  was  seized 
with  a  sudden  attack  of  pain  in  his  chest,  which  developed  into 
a  pleuro-pneumonia.  After  ten  days  of  suffering,  borne  with 
characteristic  courage  and  patience,  he  died  on  the  29th  of  July, 
aged  65. 

When  we  consider  his  ability,  his  readiness  to  help  any  one 
who  needed  and  asked  his  assistance,  his  continual  and  unselfish 
labours  in  the  public  interest,  and  the  genial,  kindly,  courteous 
manner  of  the  man,  we  can  understand  the  universal  feeling  of 
grief  with  which  the  news  of  his  death  was  received  by  all  classes 
of  the  community.  He  has  left  behind  him  a  nobler  legacy  than 
wealth  or  fame — the  example  of  an  honest,  industrious,  and 
self-aacrificing  life. 
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XTIl. — On  the  Spread  of  Enteric  Fever  a/nd,  poeeibly.  Diphtheria^ 
in  Rural  Districts  by  the  use  of  City  Manure  for  Agricultural 
Purposes,     By  David  Pryde,  M.D.,  Neilston. 


[Abstract  of  Paper  read  before  the  Society,  4th  April,  1888.] 


TriR  object  of  the  paper,  of  which  the  following  is  a  short  abstract, 
was  to  prove  the  connection  between  the  outbreak  of  enteric 
fnvor  in  country  districts  and  the  use  of  city  manure  spread  on 
tho  fifiklfl  immediately  surrounding  the  open  streams  which 
(»oiiiitituto  the  water  supply  of  the  farmers  and  others.  A  number 
of  ontorlo  cases  were  related  which  had  occurred  in  the  author's 
nr^i^hbourhood,  a  hilly  and  healthy  district,  within  the  last  few 
yearH,  where  the  only  circumstance  common  to  all  the  cases  was 
tJio  fact  that  the  water  supply  of  the  people  had  been  brought 
tuulor  tliQ  poisoning  influence  of  city  manure  at  its  source. 
]ManH  and  sketches  were  submitted  with  the  paper  showing  the 
relation  of  the  hill  slopes  from  which  the  water  was  collected 
to  the  individual  outbreaks.  It  was  shown  (1)  that  in  every 
outbreak  the  results  were  conformable  in  theory  to  the  known  laws 
of  jsymotio  contagia;  (2)  that  the  severity  of  the  cases  was  in  the 
ratio  of  the  concentration  of  the  virus  to  the  water  supply;  (3) 
that  wliere  the  water  was  scarce  and  the  virus  least  diluted  the 
caseR  from  the  first  were  severe,  while  in  cases  where  the  volume 
of  water  was  never  so  scarce  and  the  virus  presumably  more 
(lilutod  t))0  attacks  were  milder  and  more  benign  throughout. 

From  the  author's  knowledge  of  the  lie  of  the  land,  the  trend 
of  the  water  channels,  and  the  relation  of  the  manure  to  the  open 
Htreams,  he  looked  upon  the  manure  as  ihefons  et  origo  of  all  the 
c»vil ;  in  point  of  fact,  in  the  author's  opinion,  every  waggon  of  this 
manure  sold  for  agricultural  purposes  and  sent  out  into  the  countiy 
around  the  city,  carries  with  it  the  slumbering  potentialities  of 
many  fresh  outbreaks  of  enteric  disease  which  may  spring  into 
activity  at  any  time  where,  through  the  medium  of  some  water 
supply,  the  germs  in  sufficient  quantity  reach  a  suitable  soil  in 
the  human  body.     The  author  contended  that  enteric  germs  &re 
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by  this  means  kept  in  constant  circulation  between  the  city  and 
the  rural  districts  surrounding  it.  The  manure  is  fed  directly 
with  fever  germ^  in  the  fever-breeding  centres  of  the  city ;  it  is 
collected  and  sold  to  the  farmer  and  taken  to  the  country;  by 
him  it  is  spread  broadcast  over  the  fields,  where  it  is  exposed  to 
the  carrying  influence  of  rains,  and  gets  washed  into  the  streams 
whence,  in  many  instances,  farmers  derive  their  only  water  supply. 
Here  it  springs  into  sporadic  activity  in  the  farmer's  family  circle, 
and  then  follows  the  probable  danger  of  the  germs  completing 
the  cycle  by  being  taken  from  the  farm  back  to  the  city  in  milk, 
again  to  develop  fresh  epidemics  in  the  centre  of  its  primaiy  origin. 

As  r^ards  the  relation  of  diphtheria  and  enteric  fever,  Dr. 
Russell  in  his  presidential  address  makes  the  following  remark — 
"  Begarding  our  cities  we  may  conceive  of  three  zones  of  inci- 
dences— an  outer  wide-encircling  zone  of  rural  districts  most 
affected;  a  middle  zone,  the  suburbs  and  better  residential  parts 
of  the  city,  less  affected;  and  an  inner  zone,  the  centre  of  the 
city  where  the  poor  and  squalid  reside,  which  is  least  of  all  affected." 
No  reason  is  assigned  for  this,  no  explanation  offered;  and  when 
the  many  advantages  which  those  living  in  rural  districts  enjoy 
are  considered,  such  as  atmospheric  surroundings,  sparseness  of 
population,  healthiness  of  occupation,  one  would  have  been  inclined 
a  priori  to  expect  that  the  opposite  of  this  should  be  the  case. 
But  accepting  the  fact  as  stated,  and  the  expression  no  doubt 
formulates  the  outcome  of  a  vast  amount  of  experience,  the 
author  held  that  the  reason  for  it  was  to  be  found  in  the  fact 
that  the  wide-encircling  zone  of  rural  districts  was  the  identical 
zone  round  the  city  to  which  the  great  bulk  of  the  city  manure 
was  sold  for  agricultural  purposes. 

The  author  went  on  to  remark  : — In  a  contribution  upon  the 
etiology  of  diphtheria  made  to  the  French  Academy  of  Sciences, 
6th  June,  1887,  M.  Teissier  says,  as  the  result  of  his  studies  of 
contagious  maladies,  that  the  germs  of  diphtheria  are  abundant  in 
manure  heaps,  from  which  they  rise  into  the  atmospheric  dust,  to 
be  absorbed  especiaUy  by  the  respiratory  organs,  and  that  manure 
heaps  constitute  excellent  media  for  developing  and  conveying 
this  pathogenic  germ.  Here,  again,  there  was  a  reason  for  enteric 
fever  and  diphtheria  associating  together  and  conforming  to  the 
same  law,  namely,  that  of  being  found  most  abundant  in  the  zone 
of  rural  districts  round  the  city.  It  was  the  identical  zone  in 
which  the  city  manure  was  chiefly  distributed,  and  the  author  held 
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that  it  was  strongly  suspicious  that  in  both  instances  the  carrier 
was  the  same.  In  point  of  fact,  the  deliverance  of  M.  Teissier  was 
an  eoDperimentum  crucis  developing  the  other  side  of  the  argument. 
It  was  of  course  unnecessary  to  say,  if  the  germs  were  found  in 
manure  heaps,  as  pointed  out  by  this  writer,  and  liable  to  be  raised 
in  dry  weather  into  the  atmosphere  as  dust,  they  were  equally 
liable,  when  spread  out  with  the  manure  over  the  farmer's  fields, 
to  be  washed  by  the  rains  into  the  streams,  thence  to  reach  many 
a  family  in  rural  districts,  just  as,  in  the  author's  opinion,  enteric 
germs  were  spread,  and  constitute  an  additional  reason  against  the 
sale  of  this  manure  for  agricultural  uses.  To  summarize: — On 
the  authority  of  Dr.  Russell,  we  have  it  that  enteric  fever  and 
diphtheria  prevail  out  of  all  proportion  in  rural  districts;  and 
on  the  authority  of  M.  Teissier,  that  diphtheric  germs  are  de- 
veloped in  manure,  which  is  one  of  their  best  carriers;  and 
there  is  the  further  very  important  fact  that  it  is  to  rural  dis- 
tricts round  the  city  that  this  manure  is  chiefly,  if  not  altogether, 
sent  These  facts  stand  out  boldly  in  relation,  the  author  thinks, 
of  cause  and  effect,  and  steps  should  be  taken  to  prevent  this 
manure  being  spread  on  the  gathering  grounds  of  water  supply. 
The  money  value  of  the  manure  to  the  municipal  authorities 
the  writer  had  no  knowledge  of,  but  he  was  certain  that  its 
value  could  not  for  a  moment  be  placed  in  comparison  with 
the  value  of  the  lives  jeopardised,  possibly  sacrificed,  by  its  being 
sown  broflidcast  over  the  farms  which  for  miles  surround  the 
city;  and  he  suggested  that  the  proper  thing  would  be  its 
destruction  in  some  kind  of  charring  furnace  under  the  control  of 
the  cleansing  department  of  the  city. 
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XIV. — Some  Important  Points  in  the  Sanitary  Work  of  a  Great 
City.     By  Peter  Ftfe,  Sanitary  Inspector,  Glasgow. 


[Read  before  the  Society,  11th  Apnl,  1888.] 


Perhaps  there  is  little  work  done  beneath  the  sun  which  involves 
for  its  thorough  prosecution  a  more  varied  knowledge  and  experi- 
ence than  sanitary  work  in  a  great  city.  Its  all-embracing 
demands  comprehend  the  skill  of  the  pathologist,  the  biologist, 
the  chemist,  the  architect,  and  the  civil  and  mechanical  engineer. 
The  best  efforts  of  all  these  scientists  ought  to  be  enlisted  by  the 
practical  sanitarian,  and  he  must  add  to  the  knowledge  which  he 
can  utilise  from  their  researches  a  knowledge  of  the  law  in  health 
jnatters. 

Theoretically,  the  first  duty  of  a  sanitarian  who  has  any  respon- 
sibility officially  in  a  city  is  to  think  and  act  with  a  view  to 
the  total  exclusion  of  every  material  from  which  contagion  or 
infection  is  to  be  apprehended.  like  Professor  Tyndall  on  the 
heights  of  the  Sparrenhom,  with  his  sterilised  infusions  of  beef, 
mackerel,  turnip,  and  fowl,  exposed  to  the  actinic  rays  of  the 
Alpine  sun  (which  Dr.  Bastian  believed  to  be  capable  of  promoting 
spontaneous  generation),  the  scientific  sanitarian  of  to-day  does 
not  believe  that  a  specific  infectious  disease  can  arise  de  novo, 
and  would  like  to  make  his  first  and  greatest  concern  the  total 
prevention  of  any  influx  of  specific  contagia  from  without. 
Unfortunately  in  every  large  city  the  specific  germs  of  disease 
have  already  gained  an  abundant  entrance,  and  they  find  among 
its  inhabitants,  its  homes,  and  its  detritus,  the  pabulum  wherein 
they  may  increase  and  multiply.  The  greater  part  of  his  work 
on  this  account  becomes,  therefore,  palliative  and  curative  in  its 
nature,  instead  of  being  preventive.  This  work  may  be  classed 
under  three  main  heads,  namely  :— 

1.  When  contagious  or  infectious  disease  does  break  out,  he 
must  endeavour  to  arrest  it  before  it  can  spread  to  any  extent. 

2.  He  must  do  all  in  his  power  to  diminish  the  "  nuisances,'' 
which  may  produce,  and  which  always  aggravate,  an  outbreak  of 
disease. 
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3.  He  must  control  the  conditions  under  which  the  poorer 
classes  live  with  regard  to  proximity. 

4.  He  has  also  the  duty  superadded  of  snperrising  as  strictly 
as  he  may  the  food  supplies  of  the  community  in  order  to  prevent 
adulteration. 

I  said  that,  as  a  theory,  the  first  consideration  of  a  sanitarian 
ought  to  be  the  prevention  of  infection  coming  in  from  without, 
like  many  other  beautiful  theories,  this  one,  it  seems,  cannot  be 
satisfactorily  put  into  practice — mainly,  I  presume,  from  the  fact 
that  the  legal  restrictions  necessary  in  order  to  carry  it  out  would 
interfere  with  trade  interests.  So  that  actually  what  should  be 
the  very  first  duty  of  the  city  sanitarian  becomes,  through  his 
sheer  helplessness  in  the  matter,  the  very  last;  and  practically 
he  finds  himself  trying  to  cure  the  epidemic  which,  for  want  of 
legal  power,  he  can  do  little  or  nothing  to  prevent.  Local  Autho> 
rities  in  great  cities,  through  no  fault  of  their  own,  may  be  likened 
in  this  respect  to  the  priests  of  whom  Cowper  says  in  The  Task — 

**  They  whose  office  is,  with  zeal  sincere, 
To  watch  the  fountain  and  preserve  it  clear. 
Carelessly  nod  and  sleep  upon  the  brink, 
While  others  poison  what  the  flock  must  drink." 

Contagium  may  be,  and  is,  conveyed  into  the  midst  of  a  com- 
munity in  many  ways :  by  infected  persons,  by  clothing,  by  rags, 
by  hair,  by  water,  by  animal  food,  and  by  what  to  us  in  Glasgow 
is  perhaps  the  most  important  of  all — by  milk. 

It  is  to  the  last  article,  in  this  view  of  sanitary  work,  that  I 
desire  particularly  to  direct  the  attention  of  this  Society.  On 
the  20th  of  March,  1878  (just  ten  years  ago),  a  report  by  our 
President,  Dr.  Russell,  was  sent  to  the  then  Lord  Advocate  (Mr. 
Watson),  along  with  "  Suggestions  as  to  an  Act  for  the  Sanitary 
Begulations  of  Places  of  Milk  Supply  to  Towns,"  drafted  by 
Sheriff  Spens.  Dr.  Kussell,  in  his  report,  clearly  traced  166  cases 
of  typhoid  fever  in  the  West-End  of  Glasgow  to  infected  milk 
which  had  been  obtained  from  a  single  dairy,  and  I  do  not  think 
a  year  elapses  which  does  not  witness  an  outbreak  of  infectious 
disease  in  some  quarter  of  this  city  from  the  milk  supply.  The 
principal  proposed  enactments  embodied  in  Sheriff  Spens' 
"Suggestions"  were: — 

1.  No  farmer  nor  dairyman  to  be  allowed  to  send  milk  into  a 
city  or  town  until  his  premises  were  passed  by  the  Medical  Officer 
and  his  name  placed  on  the  city's  or  town's  register. 
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2.  Every  snch  farmer^s  or  dairyman's  premises  to  be  subject 
to  inspection  at  all  reasonable  times  by  the  duly  appointed  officers 
of  the  town  in  which  the  milk  is  distribated,  and  regulations  and 
bye-laws  may  be  drawn  up  by  the  Medical  Officer  to  which  every 
such  farmer  or  dairyman  must  conform. 

3.  Every  farmer  or  dairyman  must,  within  12  hours  of  its 
becoming  known  to  him,  notify  to  the  Local  Authority  of  the 
town  to  which  he  sends  his  milk  any  case  of  contagious  or 
infectious  disease  in  his  household,  and,  pending  directions,  suspend 
his  supply  of  milk. 

4.  Each  town's  Local  Authority  to  appoint  a  sufficient  staff  to 
carry  out  the  work  of  supervision. 

These  valuable  '' Suggestions"  fell  to  the  ground,  and  instead 
of  them  we  have  the  Privy  Council  Orders  of  1885  anent  dairies, 
cowsheds,  and  milkshops,  and  an  amending  act  of  1886  trans- 
ferring the  application  of  these  '*  Orders  "  from  the  Privy  Ck>uncil 
to  the  Board  of  Supervision  (so  far  as  Scotland  is  concerned),  with 
this  rider,  "Provided  always  that  no  general  or  special  order 
made  by  the  Board  of  Supervision  under  this  section  shall  be 
binding  until  it  has  been  confirmed  by  the  Secretary  for  Scotland." 

In  his  circular  of  August  16th,  1886,  to  the  various  Local 
Authorities  in  Scotland,  the  Secretary  to  the  Board  of  Super- 
vision says: — '*It  is  now  an  ascertained  fact  that  disease  is 
largely  disseminated  from  dairies  and  milkshops  where  the 
sanitary  arrangements  are  defective,  and  from  which  persons 
suffering  from  infectious  disease  have  not  been  removed.  There 
is  no  doubt,  therefore,  that  the  Statute  imposes  on  the  Local 
Authority  a  most  important  duty,  which  the  Board  trust  will  be 
duly  discharged."  In  the  first  sentence  he  might  quite  truthfully 
have  added  forma  to  dairies  and  milkshops.  The  duty  which 
Mr.  Skelton  speaks  of  is  embodied  in  the  dairies,  cowsheds,  and 
milkshops  orders,  and  the  bye-laws  and  regulations  made  under 
them  by  the  various  Local  Authoritiea  This  duty,  if  zealously 
and  fairly  discharged  by  each  Local  Authority  in  the  country, 
would,  humanly  speaking,  prevent  many  cases  of  disease  and 
death  in  every  great  town.  But  this  duty  is  not  discharged,  nor 
can  any  man  expect  it  to  be  discharged  in  extended  country 
districts  where  the  individual  on  whom  falls  this  responsibility 
receives  the  princely  (?)  remuneration  of  £5  per  annum.  The 
rural  districts  of  Scotland  are  known  to  be  quite  devoid  of  proper 
sanitary  supervision. 
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Dr.  M'Yai],  the  Medical  Officer  of  Kilmarnock,  in  a  lecture  on 
the  new  <<  Burgh  PoUce  and  Health  (Scotland)  Bill/'  delivered 
before  the  Sanitary  Association  of  Scotland  last  autamn,  said — 
"The  only  parts  of  the  country  unprovided  for  will  be  those 
where  educated  public  opinion  is  at  a  minimum,  where  ignorance 
most  prevails,  and  where  vested  interests  are  most  powerful." 
He  went  on  to  say — "From  the  milk  supplied  by  a  countiy 
dairy  miles  away,  enteric  fever  or  scarlatina  may  be  imported 
into  the  heart  of  a  city;  and  while  the  sanitation  of  the  city  may 
be  beyond  reproach,  its  inhabitants  may  see  their  children  die  by 
reason  of  the  filth  which  prevails  in  another  county." 

Now  when  the  word  may,  used  by  Dr.  M'Yail  in  this  sentence, 
can  with  truth  be  converted  into  the  word  i«,  it  is  surely  high 
time  that  those  in  the  forefront  of  sanitary  matters  in  every  town 
in  Scotland  should  by  united  and  determined  effort  seek  to  put 
an  end  to  this  state  of  things.  It  not  only  threatens  the  health 
and  lives  of  those  who  are  depending  on  us,  but  when  outbreaks 
do  occur  they  set  "  red  ruin"  on  the  track  of  the  innocent  cily 
dairymen  who  unwittingly  have  dispensed  the  poisoned  food 
broadcast  among  the  inhabitants.  Glasgow  is  supplied  from  the 
country  with  about  35,000  gallons  of  milk  daily  from  1,175  feirms. 
Whenever  any  case  of  infectious  disease  occurs  in  a  farm  which 
supplies  milk  to  the  city,  and  becomes  known  to  us,  the  farm  is 
immediately  inspected,  a  plan  of  it  is  carefully  made  to  scale,  and 
a  report  on  it  is  made  by  the  inspector  and  handed  to  the  Medical 
Officer.  If  the  report  is  of  such  a  nature  that  the  Medical  Officer 
has  good  ground  for  believing  that  the  milk  is  contaminated,  we 
communicate  with  the  dairyman  who  receives  it,  and  warn  him  of 
the  consequences  which  may  follow  if  he  continues  to  distribute 
it  in  the  city.  The  Medical  Officer  or  Sanitary  Inspector  of  the 
district  from  which  the  suspected  milk  is  sent  is  also  communicated 
with,  and  often  the  Medical  Officer  of  the  city  makes  a  personal 
inspection  of  the  farm  and  the  stock. 

These  measures  in  all  likelihood  serve  to  stop  the  further 
influx  of  the  poison.  But  it  is  too  late  on  many  occasions. 
Already  into  the  city  is  poured  "  the  leprous  distilment,  whose 
effect  holds  such  an  enmity  with  blood  of  man,  that  swift  as 
quicksilver,  it  courses  through  the  natural  gates  and  alleys  of  the 
body."  It  is  the  old  story  of  "  locking  the  stable  door  when  the 
steed  has  been  stolen." 

In  the  first  diagram  (Fig.  1,  Plate  U.)  you  have  a  plan  of  a  &rm 
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in  the  country  which  regalarly  supplies  milk  to  the  city.  The 
general  filth  around  it,  and  its  indifferent  condition  as  a  struc- 
ture, I  cannot,  of  course,  show  you;  but  I  beg  to  call  your  atten- 
tion to  a  few  points  in  the  arrangements  which  are  defectiva 

The  dwelling  house,  which  lies  between  the  two  wings,  consists 
of  five  apartments.  The  water  supply  (perhaps  the  most  important 
matter  to  be  considered  with  respect  to  a  farm)  is  obtained  from 
two  dip  wells,  each  about  two  feet  deep.  One  is  situated  just 
outside  the  kitchen  wall.  It  is  fed  by  a  drain  pipe  which  is  laid 
beneath  the  kitchen  floor,  and  is  led  out  into  the  field  in  front  of 
the  farm,  from  which  in  wet  weather  it  collects  its  supply. 
This  field  at  the  time  of  the  inspection  was  pretty  well  littered 
with  cows'  dung,  and  I  do  not  doubt  that  in  certain  seasons  the 
aroma  of  this  excrement  will  be  traceable  in  the  well.  The  other 
dip  well  is  dug  at  the  west  end  of  the  farm,  at  the  extreme  left, 
just  on  the  edge  of  the  public  road,  but  on  a  lower  level  than  it, 
so  that  the  surface  water  from  the  road  finds  free  access  to  it, 
and  becomes  part  of  the  domestic  supply.  These  are  all  the 
arrangements  which  have  been  deemed  necessary  to  water  the 
steading. 

Look  at  the  next  most  important  matter — namely,  the  situation 
of  the  milk  house.  Instead  of  being  disconnected  and  isolated 
from  the  dwelling  house,  the  scullery,  and  the  byre,  it  was  found 
to  be  in  direct  communication  with  the  first  two,  and  with  the 
last  through  the  scullery.  It  is,  no  doubt,  a  convenient  arrange- 
ment in  such  farms  when  the  mistress  or  maid  or  children  can 
step  through  a  short  passage  into  the  milk  house  from  the  kitchen 
and  bedroom  on  the  one  side  and  from  the  byre  on  the  other; 
but  to  my  mind  it  quite  destroys,  in  certain  contingencies,  any 
chance  of  the  milk  being  kept  free  from  contamination.  It  will 
be  observed  further,  in  looking  at  the  plan,  that  all  domestic 
washing  and  clothes-boiling  must  be  done  in  the  scullery,  off 
which  the  milk  house  immediately  enters. 

Fig.  2  shows  another  farm  where  the  milk  house  is  in  com- 
munication, through  the  boiler  house,  with  the  kitchen  on  the 
one  hand  and  the  byre  on  the  other.  The  sewage  from  the 
boiler  house  runs  directly  into  a  large  iron  boiler  situated  just 
through  the  waU  opposite  the  window,  and  the  overflow  from  this 
iron  cesspool  is  conveyed  by  a  tile  drain  to  a  point  in  the  stack- 
yard a  little  distance  from  a  dip  well,  from  which  point  it  trickles 
past,  in  the  form  of  a  ditch,  6  feet  from  the  well.     There  is 


262  Fhiloiophical  Society  of  Glasgow, 

another  well  just  outaide  the  boiler  house,  in  the  garden,  30  feet 
deep,  from  which  water  is  also  supplied.  Both  of  these  wells, 
however,  dry  up  in  the  summer  time. 

This  is  another  faxm^  among  hundreds,  which  is  not  provided 
with  any  washing  house  for  domestic  purposes,  a  common  and 
serious  omission  when  zymotic  disease  visits  the  place. 

Now  if  such  farms  as  I  have  just  described  (and  they  are 
unhappily  far  from  uncommon)  are  allowed  year  after  year, 
without  any  change  in  their  physical  circumstances,  to  send  in 
milk  among  our  citizens,  we  cannot  expect  to  escape  from  infectious 
outbreaks  from  time  to  time. 

With  regard  to  the  cattle  which  give  the  milk,  and  the 
possibility  of  scarlatinal  virus  proceeding  directly  into  the  milk 
from  them,  investigations  are  being  made  by  Dr.  Klein  and 
other  experts  of  the  Local  Government  Board  in  England,  and 
we  may  expect  to  learn  shortly  whether  the  micrococcus  dis- 
covered in  the  ulcerated  udder  and  teat  of  the  cow  has  any 
etiological  connection  with  scarlet  fever  in  man.  If  such  be  the 
case,  and  if^  as  Dr.  Koch  says,  *'  The  relation  between  human  and 
animal  tuberculosis,  particularly  perlsucht,  is  a  similar  one," 
the  responsibilities  of  all  sanitary  authorities  in  the  matter  of 
strict  oversight  of  the  milk  and  flesh  alike  of  diseased  cattle 
become  very  greatly  increased.  Well,  towns'  Local  Authorities 
have  at  present  neither  power  nor  machinery.  The  new  Burgh 
Police  and  Health  Bill  at  present  before  Parliament  provides 
for  us  no  such  central  authority  and  medical  and  scientific 
inspectors  as  the  sister  country  has  possessed  for  years.  Then, 
again,  it  is  for  buighs  and  populous  places  alone.  The  country 
is  left  to  feed  the  towns  from  amid  the  insanitary  conditions 
which,  through  ignorance  and  carelessness  combined,  many  of  its 
kndlords  or  farmera  wUl  not  remove. 

In  my  opinion,  the  Sanitary  Section  of  this  Society  (if  it  be  not 
now  too  late)  should  not  let  the  new  Burgh  Bill  pass  into  law 
without  presenting  the  Marquis  of  Lothian,  Her  Majesty's 
Secretary  for  Scotland,  with  an  earnest  memorial  on  similar 
lines  to  the  one  presented  in  the  May  of  1883  by  this  Society 
to  the  Earl  of  Hosebery. 

I  now  pass  on  to  consider,  as  briefly  as  I  can,  the  three  main 
paths  of  sanitary  work  which  are  traversed,  or  should  be  tra- 
versed, by  every  town's  Local  Authority.  Towns,  like  individuals, 
are  made  wise  by  misfortune.     Some  one  has  likened  infectious 
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disease  to  fire.  Kindle  it  in  a  city,  and  so  close  and  intimate  are 
the  conditions  of  life  that  its  spread  is  certain  if  all  the  hydrants 
and  hoses  of  the  hygienic  establishment  are  not  fully  used  upon  it 
at  once. 

The  question  our  esteemed  President  asked  in  his  memorable 
opening  address,  "  What  am  I  to  do  with  my  dirty  neighbour  f' 
is  a  pertinent  one,  and  also  a  most  difficult  one,  the  main  reason 
being  that  "the  dirty  neighbour"  has  various  cogent  reasons 
for  Ids  strong  prejudices  against  any  sanitary  principle  applicable 
to  the  extinction  of  disease  being  applied  to  him  or  his.  These 
prejudices  of  his  are  the  main  barriers  opposed  to  the  immediate 
suppression  of  infectious  disease  when  it  first  arises  and  becomes 
known.  The  first  prejudice  to  be  contended  against  is  the  most 
dangerous — namely,  the  desire  to  hide  h^s  trouble.  He  sees  in  the 
notification  of  his  case  to  the  sanitary  authorities  the  removal  or 
strict  isolation  of  the  patient  who  is  dear  to  him;  the  prohibU^ion 
of  his  other  children  from  attending  school  for  a  time;  the  loss 
for  some  time  of  the  use  of  his  washing  house ;  the  fumigation  of 
his  house;  the  removal  of  the  clothes,  bed,  and  bedding;  and  the 
suspicion  and  avoidance  of  his  neighbours.  The  immediate  burden 
which  a  visitation  of  infectious  trouble  has  lajld  upon  him,  blinds 
him,  perhaps,  for  the  time  to  the  fair  con^deration  of  tbs  case  as 
it  affects  his  neighbour,  and  in  many  instances  his  only  desire 
and  thought  is  to  suffer  in  secret,  and  let  the  world  take  its 
chance. 

This  attitude  of  mind,  easily  understandable,  is  of  course  a 
constant  menace  to  the  general  health;  and  in  Glasgow  and  other 
large  towns  where  medical  notification  is  not  in  vogue,  ijb  has  the 
effect  of  placing  the  officers,  whose  duty  it  is  to  deal  with 
epidemic  disease,  on  detective  duty,  which  to  do  effectually  in  the 
city  would  involve  the  keeping  of  a  staff  equal  in  numbers  to  our 
police  force. 

Fortunately,  our  medical  practitioners  have  given  to  those 
charged  here  with  health  administration  great  assistance  volun- 
tarily, and  as  the  proposed  new  Burgh  Bill  makes  medical 
notification  compulsory,  this  difficulty  is  in  a  fair  way  of  being 
swept  away. 

But  while  we  may  congratulate  ourselves  on  this  prospect, 
we  must  at  the  same  time  acknowledge  the  responsibility  it  throws 
upon  us.  Other  difficulties,  which  have  to  be  contended  with 
more  or  less  at  present^  will  be  considerably  augmented,  especially 
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at  first  Removal  to  hospital,  which  at  present  is  often  difficult 
and  sometimes  impossible,  on  account  of  human  affection  in 
ignorant  people,  will  not  only  be  increased,  but  the  widelj- 
differing  difficulty  may  arise  of  want  of  hospital  accommodation. 

Then,  again,  the  work  of  disinfection  will  be  increased  in  a 
correspondiug  ratio — in  fact,  the  whole  of  the  operations  which 
have  been  introduced  by  sanitary  science  must  be  brought  into  full 
play,  if  this  compulsory  medical  notification  is  to  be  anything  but 
a  mere  nama  To  break  down  the  natural  aversion  of  many  to 
send  their  cases  to  hospital,  we  must  always  rely  on  the  kind  and 
unselfish  advice  of  the  medical  practitioner. 

His  influence  with  the  people  who  call  him  in  is  great,  and 
the  administration  of  the  law  in  this  part  of  health  work  appears 
so  harsh  and  inhumane,  that  every  assistance  in  this  direction 
from  him  is  of  inestimable  value. 

Regarding  the  science  of  disinfection  I  would  offer  some 
remarks. 

Practical  disinfection,  or,  in  other  words,  the  work  which  in 
practice  can  be  accomplished  in  order  to  destroy  all  life  both  in 
the  disease  germ  and  in  its  spore,  or  egg^  can  easily  be  explained 
and  followed.  It  includes  fumigation  and  cleansing  of  the 
infected  apartment  or  hou^e,  the  thorough  boiling  and  washing  of 
all  washable  clothing  and  other  articles,  and  the  treatment  under 
steam,  hot  air,  a  solution,  or  a  fumigant  of  every  unwashable 
article. 

With  regard  to  the  first — namely,  the  disinfection  of  the  dwelling, 
little  need  be  said,  as,  scientifically  speaking,  it  cannot  in  practice 
be  done.  After  a  large  number  of  experiments  had  been  carried 
out  by  Dr.  Koch,  with  sulphurous  acid  in  proportions  vaiying 
from  *12  to  10*56  per  cent  volume,  both  in  an  air-tight  chamber 
and  in  an  ordinary  room,  he  sums  up  his  observations  by  saying, 
"  These  results  show  that,  for  purposes  of  practical  disinfection — 
sulphurous  acid  is  useless.'' 

Drs.  Fischer  and  Froskauer,  after  a  series  of  experiments  with 
chlorine  gas  in  a  cellar,  previously  saturated  for  two  hours  with  the 
vapour  of  water,  sum  up  by  saying — "  Complete  disinfection  of 
rooms  appears  therefore  to  be  unattainable  by  means  of  chlorine, 
owing  partly  to  its  slight  power  of  penetration  into  crevices  and 
fabrics.''  With  respect  to  bromine  they  found  that  even  with  the 
small  volume  of  one-fifth  per  cent,  the  woodwork  and  the  paper 
were  stained,  the  woollen,  cotton,  and  linen  fabrics  left  in  the 
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apartment  were  discoloured,  and  the  inequality  of  diffusion  is  a 
grave  objection  to  its  use  as  a  disinfectant. 

In  the  face  of  these,  the  latest  scientific  deductions  on  the 
subject  of  atrial  disinfection,  it  might  be  thought  a  reasonable 
proceeding  to  cease  from  further  expenditure  of  public  money  in 
this  direction,  and  allow  the  simple  cleansing  and  airing  of  the 
infected  apartments  to  work  in  a  natural  way  in  eliminating  the 
contagia.  I  hardly  think  so.  Amid  a  varied  city  population  many 
persons  are  found  whose  habits  are,  unfortunately,  not  of  a  cleanly 
order.  Our  estimates  of  the  effect  of  fumigation  in  the  houses  of 
such  may  not  be  based  on  scientific  deduction,  but  elements  do 
come  into  play  in  the  minds  of  the  people  which  render  the 
operation  beneficial. 

When  speaking  of  science  as  the  grand  destroyer  of  finalities 
in  everything,  Emerson  remarks  that^  ''with  such  volatile 
elements  to  work  in,  'tis  no  wonder  if  our  estimates  are  loose 
and  flowing.  We  must  work  and  affirm,  but  we  have  no  guess  of 
the  value  of  what  we  say  or  do."  So  I  cannot  point  out  to  you 
in  set  terms  the  value  of  this  part  of  sanitary  work,  but  yet  I  am 
convinced  that  it  has  a  value  both  in  causing  a  general  cleansing 
in  the  infected  area,  and  also  by  creating  in  the  public  mind  a 
sense  of  security.  I  daresay  all  of  us  have  some  experience  of 
the  power  of  the  imagination.  I  exhibit  here  our  new  safety 
fumigating  pans. 

In  the  second  part  of  this  work — namely,  the  disinfection  of  all 
articles  which  can  be  conveyed  to  a  disinfecting  establishment,  we 
stand  on  inexpugnable  ground.  In  view  of  this  part  of  the 
subject  I  have  prepared  the  plan  shown  on  Fig.  3,  which  is  an 
improved  copy  of  the  city  works  at  Belvidere.  In  every  large 
town  such  an  establishment  is  absolutely  essential  if  the  people 
are  to  be  prevented  from  sending  infected  articles  to  the  public 
laundries  or  the  washing-house,  or  from  trying  to  treat  them  in 
their  own  home& 

With  an  estimated  population  in  Glasgow  of  538,128,  we  get 
1,000  infected  articles  per  average  day  to  wash  and  disinfect. 
In  the  majority  of  cases  the  collecting  and  purifying  work 
involved  in  this  has  to  be  completed  within  tho  compass  of  18 
hours,  as  the  poverty  of  many  does  not  permit  a  longer  reten- 
tion of  the  goods.  Regarding  the  treatment  of  those  articles, 
I  would  direct  your  attention  for  a  minute  or  two  to  Fig. 
3,    and  to  one  or  two  of   the   methods  which   ought,   in   my 
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opinion,  to  be  adopted.  As  the  bundles  containing  the  articles 
come  in,  thej  should  be  thrown  to  the  right  or  left  of  the 
inner  entrance,  B  B,  according  to  their  capability  of  being 
vashed  or  not.  To  the  right,  it  will  be  observed,  a  rectangular 
reception  chamber,  C  C,  is  placed.  In  this  chamber  each  bundle 
should  be  placed,  as  it  comes  in,  and  untied.  The  chamber  is 
arranged  to  hold  easily  as  many  bundles  of  clothing  as  are 
daily  sent  in,  each  of  which  is  known  to  contain  about  60 
articles  on  the  average.  The  iron  bogie  from  the  hydraulic 
press  is  then  brought  forward,  and  the  contents  of  a  bundle  are 
put  into  it.  A  solution  of  bichloride  of  mercury  of  1  in  10,000 
is  then  run  down  upon  them  from  a  small  cock  attached  by  a 
flexible  hose  to  a  shallow  tank  placed  above.  The  bogie  is  then 
run  on  to  the  head  of  the  press,  which  is  then  set  in  motion,  and 
slowly  travels  up  towards  the  butt  attached  to  the  top  of  the 
press,  which  is  made  to  fit  into  the  bogie.  The  solution  is  thus 
pressed  through  the  clothing,  which  at  the  end  of  the  stroke, 
lies  at  the  bottom  of  the  bogie  thoroughly  saturated,  and  quite 
dry  enough  to  be  immediately  wheeled  into  the  ticketing  room, 
where,  afber  lying  for  half-an-hour,  the  women  begin  work  upon 
it.  Bichloride  of  mercury  has  been  discovered  to  be  by  £ftr  the 
most  potent  destroyer  of  germ  life  when  used  in  solution.  Dr. 
Koch  says  that  a  solution  of  1  in  20,000  volumes  of  water 
destroys  the  spores  of  anthrax  in  ten  minutes.  Dr.  'K'lftin,  of 
tbe  Local  Government  Board,  has,  however,  found  that  the 
sporeless  bacilli  (stibtilis)  were  not  destroyed  after  being  exposed 
in  this  strength  of  solution  for  half-an-hour.  Exposure  during 
this  time  in  a  1-in-l 0,000  solution  was,  however,  found  to  be 
quite  effective. 

This  preliminary  destruction  of  any  infective  organised  matter, 
before  the  articles  pass  into  the  hands  of  the  operatives  for 
ticketing  and  washing,  serves  a  most  important  purpose — ^namely, 
to  prevent  infection  spreading  among  them,  and  also  to  prevent 
any  infective  matter  being  taken  by  them  into  their  families  or 
among  the  people  of  the  city  where  they  dweU. 

In  the  case  of  such  diseases  as  smallpox  and  typhus  it  is  almost 
essential  to  have  some  such  immediate  destructive  agent  employed. 
I  find  among  the  hands  (about  20)  who  have  been  employed  from 
year  to  year  in  our  disinfecting  work  during  the  last  20  years,  that 
ten  of  them,  five  men  and  five  women,  have  been  struck  down  and 
have  died  of  typhus  fever,  and  in  the  families  of  two  of  them  four 
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peraonB  were  seized  with  the  same  fever,  bat  recovered.  Of 
course,  I  cannot  say  they  met  their  death  through  lianHliTig  the 
poisoned  clothing  or  bedding,  but  yet  I  do  not  think  such  clothing 
or  bedding  should  be  placed  in  their  hands  fresh  from  the  patient 
until  some  such  simple  method  as  I  have  described  has  been 
employed  in  order  to  lessen  the  danger  of  infection.  In  order  to 
be  assured  that  this  solution  could  not  in  any  way  damage  the 
finest  fabrics,  I  took  samples  of  various  coloured  silks,  white 
cotton,  cotton  sprinkled  with  blood,  coloured  handkerchiefs,  pieces 
of  blanket,  and  feathers,  and  steeped  them  for  three  hours  in  the 
solution.  The  solution  which  was  used  was  not  acidified  by 
hydrochloric  or  tartaric  acid,  nor  was  muriate  of  ammonia  used 
in  order  to  make  the  salt  more  soluble.  It  may  be  advisable 
in  practice  to  use  such  solvents,  as  the  antiseptic  power  of 
corrosive  sublimate  is  reduced  whenever  it  comes  in  contact 
with  albuminous  substances.  They  were  dried  naturally  and 
minutely  examined  under  a  magnifying  glass.  No  change 
could  be  observed,  nor  could  any  precipitation  of  the  salt  be  seen. 
Minute  traces  of  the  salt  would  doubtless  remain  in  the  goods, 
but,  as  Dr.  Koch  says,  "  they  would  be  absolutely  harmless;'' 
besides,  after  the  ticketing  process  has  been  gone  through,  they 
immediately  pass  on  to  the  boiling,  washing,  and  drying  processes. 
I  need  not  describe  these,  as  they  are  the  ordinary  methods  of  the 
wash-tub,  assisted  by  steam  and  machinery. 

Let  us  return  for  a  moment  to  the  entrance.  On  the  left  hand 
there  is  a  compartment,  A  A  in  plan,  into  which  beds,  bolsters, 
pillows,  and  all  unwashable  articles  except  carpets  are  thrown. 
After  being  sorted  and  marked  they  are  duly  set  into  the  travelling 
iron  bogie  and  wheeled  into  one  of  the  steam  disinf  ectors. 

There  they  are  exposed  to  the  influence  of  steam  at  7  lbs. 
pressure  (giving  a  temperature  of  23V  F.)  for  one  hour.  This 
has  been  found  by  experimentalists  sufficient  to  destroy  the  spores 
of  anthrax  placed  in  the  centre  of  a  roll  of  flannel.  In  considersr 
tion  of  the  fact  that  some  towns  and  burghs  both  here  and  in 
England  are  still  using  hot-air  apparatus  for  this  class  of  goods, 
I  would  like  to  draw  attention  to  the  marked  contrast  which  is 
drawn  by  Koch  between  this  method  and  steam.  He  says, 
"With  hot  air,  /ona'  hours*  exposure  to  a  temperature  of  266* 
F.  to  284*  F,  only  brought  the  internal  temperature  of  a  small 
roll  of  flannel  to  181*  F.,  and  in  no  way  impared  the  vitality  of 
spores  of  bacilli  placed  at  the  centre,  while  exposure  to  steam  at 
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248*"  F.,  for  one  and  OrhaLf  hourSf  raised  the  internal  temperature 
to  242°  F.,  and  killed  the  spores.  Even  one  hour  at  230"  F. 
sufficed  to  raise  the  temperature  to  205°  and  to  destroy  anthrax 
spores  placed  there.  It  is  plain,  therefore,"  he  continues,  *^  that 
steam  acts  much  more  powerfully  than  hot  air,  and  penetrates 
porous  objects  more  rapidly  and  deeply."  Science,  then,  has  thus 
given  us  the  death-line  of  the  most  resistant  spores,  both  by 
solutions  and  by  steam  treatment,  and  both  are  within  the  range 
of  every-day  practice  for  all  that  a  city  can  give  us  day  by 
day.  It  only  now  remains  for  each  sanitary  authority  to  use 
the  means. 

All  that  we  can  well  do  with  carpets,  without  injuring  them, 
is  to  beat  them  thoroughly,  air  them,  and  send  them  home. 

There  is  another  aspect  in  which  we  may  view  the  "dirty 
neighbour  " — namely,  under  that  condition  of  uncleanliness,  or  un- 
wholesomeness,  which  may  bring  disease  into  his  household,  and 
so  into  the  households  of  others.  When  such  a  condition  exists  it 
is  called  a  "nuisance."  The  word  "nuisance"  covers  a  multitude 
of  sanitary  sins,  such  a  multitude,  in  fact,  that  I  would  not 
enumerate  them  even  if  I  could. 

Only  one  point  of  interest  and  novelty,  in  the  range  of 
nuisance  detection,  do  I  wish  to  bring  before  the  Society.  This 
is  a  new  smoke-testing  apparatus.  I  daresay  it  is  known  to  most 
of  you  that  all  such  machines  hitherto  have  been  wrought  by 
hand.  This  method,  besides  occupying  the  whole  time  of  an 
operator,  does  not  give  the  constant  velocity  and  pressure  which, 
especially  during  windy  weather,  are  found  necessary  in  order  to 
overcome  contrary  currents  in  the  drains  and  pipes.  It  has  not 
unfrequently  happened,  in  certain  complicated  systems  of  drainage, 
and  in  windy  weather,  that  a  whole  day  has  been  spent  in  the  vain 
endeavour  to  discover  the  source  of  a  nuisance  by  the  smoke-test. 

Now,  with  the  small  and  compact  machine  before  you,  the 
work  of  testing  can  be  done  in  about  half  the  time  formerly 
occupied,  without  the  assistance  of  a  driver  and  with  surer  results. 

The  speed  and  pressure,  of  course,  depend  on  the  water  pressure 
which  can  be  got  from  the  house  connections.  In  Glasgow, 
where  a  pressure  of  50  lbs.  per  square  inch  can  be  obtained,  a 
constant  air  speed  of  2,500  feet  per  minute  is  attained  with  a 
small  fan  six  inches  in  diameter.  This  speed  yields  a  pressure  at 
the  nozzle  of  the  machine  of  f  inch  of  water,  which  can 
hardly  be   maintained,   however,   in   the   drains  and  soil-pipes 
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where  the  pressure  registered  has  been  found  to  be  ^  inch  of 
water,  equal  to  2*6  lbs.  per  square  foot.  This  is  the  pressure 
exercised  bj  a  gale  travelling  at  the  rate  of  25  miles  an  hour. 
Thus,  both  by  pressure  and  steadiness  of  volume,  we  can  now 
combat  troublesome  drain  currents  satisfactorily.  Some  remarks 
have  been  made  in  the  city  to  the  effect  that  we  are  apt  to 
put  too  great  pressure  on  for  some  water  seals  or  traps  to 
withstand.  This  will  be  seen  by  the  foregoing  to  be  a  fallacy. 
Every  trap  should  have  a  water  lock  of  H  inches  at  least,  or 
three  times  more  than  can  be  lifted  by  the  fans  in  use,  and 
plumbers  now  are  making  them  considerably  deeper  than  this. 
The  depth  of  the  seal  in  a  trap  is  an  important  feature  in 
drainage,  as  I  have  found  by  experiment  that  in  a  temperature 
of  60*  F.,  containing,  according  to  hygroscopic  measurement,  about 
4  grains  of  moisture  to  the  cubic  foot  (which  figures  may  be  taken 
to  represent  the  average  temperature  and  moisture  of  normal  air 
during  the  summer  months  in  this  latitude),  the  evaporation  of 
water  from  an  exposed  sur£Bu;e  of  from  2  to  4  inches  diameter  is  f 
inch  in  18  days.  This  means  that  a  water  seal  1|  inches  deep 
would  be  destroyed  in  36  days.  When  we  consider  the  length  of 
time  during  which  people  resort  to  the  coast  or  country  in  the 
summer,  it  is  apparent  that  long  before  the  return  of  many  of  them, 
all  the  ordinary  house  traps  will  have  been  unlocked,  leaving  the 
dwellings  exposed  to  contamination  from  the  drainage  system  if 
the  various  basins,  baths,  sinks,  and  water-closets  remain  unused 
during  this  period. 

What  bearing  this  fact  may  have  on  the  general  health  of  the 
returning  inmates  I  am  not  prepared  to  say,  but  I  think  no  one 
will  venture  to  assert  that  it  can  have  no  evil  effect  whatever. 

A  novel  feature  has  been  introduced  in  this  latest  smoke-testing 
apparatus,  which  becomes  especially  valuable  in  testing  new  drains, 
or  in  testing  such  drains  as  are  inaccessible  for  want  of  a  suitable 
grating  or  a  ventilating  trap  in  connection  with  the  system.  This 
consists  of  a  small  air-injector  attached  to  the  casing  and  working 
through  the  fan.  By  simply  opening  a  pet  cock  a  jet  of  water  is 
introduced.  This  induces  an  air  current  which  can  be  passed 
into  the  drain  at  a  pressure  of  7  inches  of  water.  This  is  equal  to 
36^  lbs.  on  the  square  foot,  and  represents  the  force  of  a  great 
hurricane. 

By  this  simple  means  we  shall  in  future  be  able,  not  only  to 
force  the  smoke  against  the  most  violent  currents,  but  also  to 
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break  throngh  any  obstmctions  which  may  be  set  up  by  unknown 
common  traps  or  tongued  cesspools.  The  injector  can  also  be  used 
as  an  aspirator,  by  means  of  which  the  air  of  any  place  or  room 
can  be  stored  up,  or  drawn  through  water  or  any  other  liquid  for 
testing  purposes. 

Regarding  the  third  section  of  a  sanitarian's  work — namely^  the 
control  of  the  poorer  classes  with  respect  to  the  proximity  in 
which  they  dwell,  a  momentous  problem  is  put  before  us  for 
solution.  What  is  to  be  done  for  the  people  who  are  condemned 
to  live  in  such  conditions  as  are  pictured  by  the  words  "  34S  to 
the  acre  "  ?  In  some  districts  of  our  city,  as  pointed  out  by  our 
President  in  his  admirable  lecture  on  "Life  in  One  Boom," 
delivered  in  February  last  to  the  Park  Church  Literary  Lostitute, 
such  a  state  of  things  goes  on  from  day  to  day.  Nay,  within  this 
close  environment  during  the  night  are  found,  like  the  zoeglia  of 
bacterial  life,  little  knots  of  humanity  taking  their  repose  at  the 
rate  of  4,400  to  the  acre,  or  10  persons  in  11  square  yards.  There 
are  23,030  ticketed  houses  in  Glasgow,  of  which  16,413  are  single 
apartments.  A  ticketed  house  means  that  it  contains  less  than 
2,000  cubic  feet  of  air  space,  and  of  the  16,413  ticketed  single 
apartments,  3,285  contain  less  than  900  cubic  feet  of  air  space. 

For  the  purpose  of  being  able  to  give  you  some  idea  of  the 
atmosphere  in  which  many  of  our  population  nightly  sleep,  I 
caused  two  samples  of  air  to  be  taken  for  analysis. 

No.  1  was  got  at  3.40  a.m.  on  Monday  last  from  a  one^partment 
house  on  the  South-Side  measuring  700  cubic  feet  Four  adults 
and  three  children  were  found  sleeping  in  it^  which  gave  each 
individual  100  cubic  feet  to  breathe  in.  The  amount  of  carbonic 
acid  gas  was  certified  by  Dr.  Wallace  to  be  21*9  in  10,000  volumes 
of  air. 

No.  2  was  taken  on  Friday  last  at  3.45  a.m.  in  a  one-apartment 
house  measured  for  3^  adult  persons,  and  containing  1,075  cubic 
feet  Seven  adult  persons  were  found  in  it  The  carbonic  acid 
gas  in  this  sample  was  14*1  in  10,000  volumes. 

It  requires  to  be  noted,  in  connection  with  these  figures,  that 
they  represent  almost  altogether  pollution  from  the  human  body, 
and  almost  nothing  from  gas  or  lamp  flames. 

The  carbonic  acid  gas  is  therefore,  in  the  first  sample,  5|  times 
what  it  should  be,  and  3^  times  in  the  second  sample. 

The  normal  quantity  of  carbonic  acid  gas  in  ordinary  city  air 
has  been  found  to  be  4  in  10,000  volumes.   Six  volumes  of  carbonic 
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acid  gas  in  10,000  is  said  by  authorities  to  be  unfit  for  breathing. 
Now,  what  can  the  sanitarian,  with  the  low  limit  of  300  cubic  feet 
of  air  space  for  each  adult,  do  to  decrease  ^tfae  -ehances  of  disease 
and  low  vitality  which  certainly  surround  such  human  homes.  iDhe 
wretched  people  who  are  found  from  time  to  time  sleeping  under 
conditions  which  the  law  does  not  sanction  are  every  week  brought 
into  the  police  courts ;  but  their  woe-begone  and  miserable  plight 
makes  it  difficult  for  the  magistrates  to  fine  them  or  send  them  to 
prison.  Doubtless  those  who  have  brought  their  misfortunes  upon 
themselves  and  their  families  through  drunken  and  degraded 
habits  (and  I  am  afraid  I  must  say  their  name  is  Legion)  ought 
to  be  steadfastly  prosecuted ;  but  many  cases  of  distressing  and 
real  poverty  are  so  inextricably  mixed  up  with  such  that  it  is 
almost  impossible  to  make  a  distinction  legally. 

By  constant  supervision  much  has  been  done  and  is  being  done  to 
repress  overcrowding  and  improve  those  lowly  dwellings ;  but  the 
health  of  Glasgow  will  never  be  what  it  ought  to  be  until  the  law 
against  unrighteous  occupancy  of  single-apartment  houses  is  revised 
and  improved.  It  is  not,  in  my  opinion,  sufiicient,  in  regulating 
the  occupancy  of  such  dwellings,  to  lay  down  a  law  which  causes 
a  ticket  to  be  placed  upon  the  door  intimating  the  number  of 
cubic  feet  and  the  number  of  occupants  allowed.  This  only  per- 
mits the  worst  form  of  occupancy — namely,  where  lodgers  are  taken 
in  either  for  purposes  of  gain  or  otherwise.  A  new  law  ought  to 
be  passed  on  lines  prohibiting  this  social  and  health  grievance, 
which  menaces  civilised  life  and  destroys  common  decency. 

In  the  matter  of  dilapidated  and  insanitary  property,  of  which 
we  have  still  a  considerable  quantity  in  Glasgow,  I  have  not  time 
at  present  to  speak.  I  would  like  in  some  future  communication 
to  point  out  to  the  Society  our  weakness  in  this  sanitary  aspect. 
Our  Improvement  Trust  has  certainly  done  splendid  work,  and 
Glasgow  is  brighter  and  happier  now  than  it  was  when  it 
began  its  beneficent  operations.  But  our  hands  should  not  be 
stayed.  The  dens  where  depravity  and  dirt  reside,  and  help 
death  to  claim  his  50  to  60  per  1,000  per  annum,  are  in  our  midst 
at  this  present  time — dark,  dismal,  and  filthy.  Those  hovels  have 
served  their  day  and  generation.  But  old  property  dies  hard. 
like  the  proverbial  cat,  it  seems  to  have  nine  lives;  and  often 
when  we  think  it  is  dead,  and  has  been  closed  up  from  humanity, 
we  are  surprised  to  find  it  again  in  full  activity,  with  a  set  of 
new  entrails  in  its  ugly  body. 
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With  reference  to  the  working  of  the  *'  Food  and  Drugs 
in  Scotland,  a  most  important  point  is  the  fact  that  north  oi 
Tweed  two  individuals  are  required  by  law  to  make  a  pi 
for  prosecution,  whereas  in  England  one  person  is  sufficient, 
is  well  to   protect  the  trading  public  from  any  chance 
miscarriage  of  justice,  but  a  method  such  as  we  labour  under 
is  highly  detrimental   to    the    public  interest.      The  consi 
adulteration  of  our  milk  supplies  is  another  point  which 
loudly  for  reform.     The  Somerset  House  standard  of  11  '1  per 
total  solids,  with  2*5  per  cent  of  fat,  is  at  the  least  1  per 
below  what  it  ought  to  be.     The  standard  in  Paris  is  13  per 
4  per  cent,  being  fat;    and  after  extensive  investigations 
analyses  of  hundreds  of  samples,  the  Massachusetts  State 
of  Health  adopted  the  same  standard  as  Paris  for  total  sol 
These  standards  are  1  *9  per  cent,  above  ours.     Why  our  pul 
should  have  to  rest  content  with  a  standard  which  permits  10 
15  per  cent,  of  water  to  be  added  with  impunity  to  good  mill 
cannot  understand.     It  has  been  proved,  doubtless,  that  individi 
cows  here  and  there  have  yielded  milk  which  on  analyis  sho^ 
9  per  cent,  of  solids  not  fat  and  2*5  per  cent,  of  fat ;  but  to 
the  legal  standard  from  odd  exceptions  is  direct  encouragem< 
to  fraud.     The  average  cow  gives  milk  fully  2  per  cent,  betl 
than  the  standard,  so  that  in  good  milk  unscrupulous  vendors 
put  15  per  cent,  of  water,  and  still  escape  the  meshes  of  the  la^ 
They  can  even  add  another  5  per  cent,  without  much  fear,  as  m 
sheriff  cares  to  take  up  a  case  in  which  the  analysis  does  not  shoi 
over  5  per  cent,  of  added  water  over  and  above  that  allowed  b] 
the  Somerset  House  standard. 
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XV. — On  a  New  Composite  Electric  Balance,     By  Sir  William 

Thomson,  F.R.S. 


[Read  before  the  Society,  4th  February,  1888.] 


This  instrument  has  been  designed  for  the  purpose  of  providing, 
in  one  piece  of  apparatus,  the  means  of  measuring  (1)  the  difference 
of  potential  between  two  points  of  an  electric  circuit,  as,  for 
instance,  the  difference  of  potential  between  the  supply-conductors 
of  an  electric-light  installation;  (2)  the  current  flowing  in  such  a 
circuit;  and  (3)  the  rate  of  working  in  the  circuit.  The  instru- 
ment thus  forms  a  combined  voltmeter,  ampere-meter,  and  watt- 
meter. The  general  form  of  the  instrument  is  shown  in  Fig.  1,  Plate 
III.  In  this  figure,  a  and  6,  are  two  coils  of  silk-covered  copper 
wire  fixed  one  above  the  other,  with  their  planes  horizontal,  on  a  slab 
of  slate,  S.  Two  coils,  c  and  rf,  of  similar  wire,  are  made  up  in  the 
form  of  anchor  rings,  and  fixed  to  the  ends  of  a  balance  beam,  B, 
which  is  suspended  by  two  flat  ligaments,  e  and^  of  fine  copper  wires, 
one  of  which  is  shown  at  e,  in  such  a  position  that  one  of  the  coils 
fixed  to  the  ends  of  the  beam  is  suspended  mid-way  between  the 
coils,  a  and  5,  with  its  plane  parallel  to  the  planes  of  these  coils,  and 
with  its  centre  in  the  line  joining  the  centres  of  them.  Other  two 
coils,  g  and  A,  capable  of  carrying  strong  currents,  are  fixed  to 
the  sole-plate,  S,  in  positions  which,  relatively  to  d,  are  similar  to 
those  occupied  by  a  and  h  relatively  to  c.  When  the  instrument 
is  to  be  used  for  the  measurement  of  continuous  currents,  the 
coils  g  and  h  are  made  of  several  turns  of  thick  copper  ribbon, 
capable  of  carrying  currents  up  to  a  maximum  strength  of  five 
hundred  amperes.  When  it  is  to  be  used  for  the  measurement  of 
alternating  currents  these  coils  are  made  of  two  or  three  turns  of 
a  stranded  copper  conductor.  Each  wire  of  the  stranded  conductor 
is  covered  with  silk,  so  as  to  insulate  it  from  the  others,  and,  in 
order  as  far  as  possible  to  annul  the  effect  of  induction  in  causing 
the  current  to  be  different  at  different  distances  from  the  axis  of 
the  conductor,  the  strand  is  given  one  turn  of  twist  for  each  turn 

round  the  coil. 
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The  arrangement  of  the  connections  in  the  instrument  will  be 
readily  understood  by  reference  to  Fig.  2,  Plate  IV.  First,  suppose 
the  instrument  to  be  used  for  the  measurement  of  potentials,  that 
is  to  say,  as  a  voltmeter.  It  is  connected  to  the  circuit  through  a 
suitable  resistance,  R,  wound  anti-inductively,  through  which  the 
current  passes  to  the  terminal,  T,  from  which  the  course  of  the 
current  through  the  coils  to  T^  is  indicated  by  the  arrows  in  the 
diagram;  the  switch  handle,  H,  being  in  this  case  turned  to  "  Volt." 
For  the  measurement  of  amperes  the  switch  is  turned  to  "  Watt," 
a  measured  current  is  passed  through  the  suspended  coils  of  the 
balance,  and  the  current  to  be  measured  is  passed  through  the  coils, 
g  and  A,  by  introducing  the  electrodes,  E  and  E^,  into  the  circuit. 
The  current  through  the  suspended  coils  may  sometimes  be  measured 
by  means  of  the  instrument  itself  arranged  for  the  measurement 
of  volts.  This  may  be  done  by  first  measuring  the  current  which 
the  difference  of  potential  between  the  supply-conductors  of  an 
electrical  installation,  or  between  the  poles  of  a  battery,  causes  to 
flow  through  the  coils  of  the  instrument  and  its  external  resistance, 
and  then  turning  the  switch  to  "  Watt,"  and,  at  the  same  time, 
introducing  a  resistance  into  the  circuit  equal  to  the  resistance  of 
the  fixed  coils.  When  the  balance  is  used  as  a  watt-meter  the 
switch  is  turned  to  "Watt,*'  and  the  terminals,  T  and  T^,  are  joined 
to  the  two  supply-conductors,  while  the  current  through  the  circuit 
is  passed  through  the  coils,  g  and  h.  When  the  rate  of  working  in 
an  alternate-current  circuit  is  measured  by  such  a  balance,  the  anti- 
inductive  resistance,  R,  must  be  so  great  that  there  is  no  sensible 
difference  of  phase  between  the  currents  flowing  through  the  fine 
wire  coils  of  the  instrument  and  the  electromotive  force  on  tlie 
supply-conductors  to  which  they  are  connected. 
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XYI. — The  CorutittMon  and  Course  of  the  Money  Market,  By 
Chables  Gairdneb,  President  of  the  Economic  Science 
Section. 

[Read  before  the  Section,  20ih  February,  1888.] 


The  Money  Market  of  the  United  Kingdom  is  an  institution  of 
great  importance  and  of  some  complexity.  It  has  gradually  grown 
to  enormous  proportions,  and  embraces  a  fund  almost  equal  in 
amount  to  the  sum  of  the  National  Debt.  This  fund  is  held  by 
the  banks,  is  practically  at  call,  and  is  repayable  in  gold;  yet 
ninety-five  per  cent,  of  its  amount  is  constantly  engaged  in  pro- 
moting the  industries  and  material  interests  of  the  country  and 
the  world,  while  only  five  per  cent,  is  actually  held  in  coin.  The 
mode  in  which  this  is  accomplished  is  the  subject  I  am  to  bring 
before  you  to-night. 

The  chief  instrument  employed  by  the  banks  in  maintaining  the 
stability  of  the  money  market  and  the  convertibility  into  coin  of 
all  their  obligations  is  *'  the  rate  of  discount," — a  term  which  I 
use  in  a  general  sense,  and  intend  by  it  to  signify  the  charge  made 
for  the  loan  of  bankers'  money.  It  is  an  instrument  of  great 
power  and  delicacy  in  financial  afiairs,  as  I  shall  have  occasion  to 
show.  lake  most  questions  connected  with  money,  the  subject  is 
somewhat  abstruse,  and,  as  the  difiiculties  inherent  in  such  questions 
are  often  enhanced  by  the  use  of  terms  and  phrases  not  clearly 
understood,  I  should  like,  before  entering  on  my  subject,  to  show 
the  importance  of  care  in  this  matter. 

The  basis  of  money  in  this  country  is  gold,  and  **  the  scarcity  of 
gold  "  is  one  of  the  stock  phrases  of  the  day,  on  which  I  wish  to 
make  a  few  observations.  It  is  used  with  the  same  fluent  com- 
placency as  if  it  were  "scarcity  of  cotton,"  "scarcity  of  wheat," 
or  of  any  other  article  of  general  consumption^  a  stock  of  which  is 
kept  for  the  purpose  of  maintaining  a  regulated  supply.  But 
while  we  may  agree  in  holding  that  the  term  "  scarcity,"  when  so 
used,  means  an  inadequate  stock,  having  regard  to  the  consumptive 
demand,  present  and  prospective,  the  same  cannot  be  said  in  the 
case  of  gold,  which  is  not  an  article  going  into  consumption  at  all 


"276    '  Philosophical  Socidy  of  Glasgow. 

in  the  same  sense.  What,  then,  is  meant  by  scarcity  of  gold  f 
When  do  abundance  end  and  scarcity  begin?  At  what  point 
do  we  reach  the  happy  medium  when  neither  abundance  nor 
scarcity  can  be  said  to  prevail  ]  To  these  questions  no  answer  is 
attempted  even  by  those  who,  because  of  the  alleged  scarcity, 
would  have  the  State  to  change  the  standard  of  value.  They 
would  revolutionise  the  money  market,  and  modify  by  Act  of  Par- 
liament the  relations  between  creditors  and  their  debtors,  without 
even  attempting  to  define  the  extent  of  the  mischief  to  be  corrected, 
or  to  gauge  the  probable  effect  of  the  proposed  remedy.  Vagueness 
of  statement  as  a  basis  for  important  legislation  is  always  to  be 
deprecated,  and  it  would  certainly  facilitate  the  consideration  of 
the  subject  if  those  who  would  abolish  the  gold  standard  were  to 
show  us  the  draft  of  a  Parliamentary  Bill,  or  the  heads  of  an 
agreement  for  a  League  among  the  nations,  setting  forth  precisely 
the  reasons  for  the  change  and  the  nature  and  value  of  the  new 
money  they  desire  to  introduce. 

Their  opponents,  on  the  other  hand,  who  deny  the  existence  of 
scarcity,  and  refuse  to  attribute  the  fall  in  prices  to  that  cause, 
have  equally  exposed  themselves  to  critical  observation.  '*  How 
can  you  say,"  they  ask,  "  that  there  is  scarcity  of  gold  when  money 
is  so  abundant  that  the  rate  of  discount  is  only  one  per  cent.1 " 
This  question  is  not  put  merely  as  an  ae^  captandum  retort,  useful 
in  the  exigencies  of  discussion,  but  deliberately,  and  as  a  conclusive 
answer  to  the  bimetallists,  whose  case  is  based  on  the  assumption 
of  scarcity.  Even  so  careful  a  writer  as  Mr.  Wells,  one  of  the 
foremost  economists  in  the  United  States,  adopts  it  in  his 
argument  against  the  scarcity-of-gold  theory,  stating  that  "  the 
years  1875  to  1879  inclusive,  taking  the  English  market  as  the 
criterion,  were  characterised  generally  by  an  excessive  supply  of 
money  and  currency  of  all  kinds,  and  the  same  has  been  true  of 
the  period  1880  to  1886-7,  tvhen,  if  the  supply  of  money  Jrom  gold 
was  constantly  diminishing ,  contrary  results  would  seem  to  have 
been  inevitable y* 

Now,  I  am  no  bimetallist  On  the  contrary,  I  disbelieve  alike 
in  the  theory  and  the  practicability  of  the  doctrine  so  named ;  but 
I  should  be  sorry  to  encounter  its  teachers  with  an  argument  such 
as  this.  They  are  fairly  entitled  to  the  admission  that,  however 
difficult  it  may  be  to  define  "  scarcity  of  gold,"  or  to  say  at  what 


*  Contemporary  Review,  Kovembor,  1887>  p.  633, 
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point  it  begins  or  ends,  a  relative  scarcity,  nevertheless^  ^luijy  cuid 
probably  does,  now  exist ;  and  I  venture  farther  to  affirm  that^ 
assuming  that  we  have  been  passing  from  a  period  of  abundance 
of  gold  to  one  of  comparative  scarcity,  then  abundance  of  money, 
that  is  to  say,  low  rates  of  discount,  are  precisely  what,  during 
the  period  of  transition,  ought  to  have  been  expected  in  the  money 
market.  I  desire  also  to  affirm  that  the  converse  of  this  proposition 
is  true  likewise,  namely,  that  on  the  assumption  of  our  passing  from 
a  period  of  scarcity  of  gold  to  one  of  relative  abundance,  then  the 
immediate  influence  on  the  money  market  would  be  in  favour  of 
scarcity  of  money,  that  is  to  say,  high  rates  of  discount.  This 
paradox  I  hope  to  make  clear  without  any  extraordinary  demand 
on  your  patience. 

-I  will  deal  first  with  the  hypothesis  of  increafiing  abundance  of 
gold,  and,  in  order  to  bring  out  the  argument  clearly,  will  assume 
the  facts  to  arise  in  a  highly  exaggerated  form. 

Let  me  make  the  supposition  that  a  mountain  of  pure  gold  is 
discovered  in  our  midst,  and  that  the  gold-currency  countries  con- 
tinue, notwithstanding,  to  retain  that  metal  as  their  standard  of 
value  and  medium  of  exchange ;  what,  in  that  case,  would  happen 
in  the  money  market  ?  The  vox  populi,  which,  according  to  some 
authorities,  is  no  other  than  the  voice  of  supreme  wisdom,  would, 
I  doubt  not,  exclaim,  *^  Now,  at  last^  shall  we  have  money  abun- 
dant and  cheap  " — meaning  by  cheap,  low  rates  of  discount.  Yet 
this  expectation  would  assuredly  be  disappointed.  The  extra- 
ordinary addition  made  to  the  world's  stock  of  gold  would  greatly 
diminish  its  value  in  relation  to,  and  in  exchange  for,  other  com- 
modities— that  is  to  say,  the  value  of  other  commodities  measured 
in  gold  would  tend  to  rise,  and  that  enormously.  All  persons 
possessed  of  gold  would  thereupon  desire  to  exchange  it  for  other 
commodities,  or  for  property  in  one  form  or  another,  before  the 
great  depreciation  in  the  value  of  gold  had  fully  taken  place. 
This  movement  would  not  be  confined  to  the  actual  possessors  of 
gold.  All  potential  holders  of  gold — ^those,  for  example,  who 
control  the  deposits  in  the  banks ;  all  mortgagees  whose  debts  are 
repayable  in  gold;  in  a  word,  all  creditors — would  desire  to  trans- 
form the  debts  repayable  to  them  in  gold  into  some  form  of 
ownership  of  property. 

Nor  would  the  movement  stop  here.  Many  would  wish  to 
become  borrowers  of  gold  money  in  order  further  to  increase  their 
purchases  of  property ;  and  just  in  proportion  to  the  greatness  of 
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the  rise — just  in  proportion,  that  is  to  saj,  to  the  greatness  of  the 
depreciation  of  gold  because  of  the  abnormal  addition  to  the 
supplies — would  be  the  extravagance  of  the  rates  of  interest 
offered  by  contending  borrowers. 

It  is  true  that  no  such  thing  as  the  discovery  of  a  mountain 
of  gold  has  taken  place,  or  is  ever  likely  to  do  so ;  but  yet  gold 
discoveries  were  made  in  1848  and  1851  of  extraordinary  import- 
ance, for  they  at  once  tripled  the  former  supplies  from  the  mines. 
This  sudden,  immense,  and  unprecedented  addition  to  the  stock  of 
the  metal  must,  presumably,  have  operated  on  the  money  market 
in  the  same  direction  as  would  the  supplies  from  the  hypothetical 
mountain,  although,  no  doubt,  in  greatly  diminished  degree.  It 
would  operate,  of  course,  only  as  one  of  many  influences  which  are 
always  at  work  in  that  market ;  and  we  shall  presently  inquire 
how  far  its  action  can  be  traced  during  what  we  may  call  the 
period  of  abundant  gold  supplies. 

Before  I  enter  on  that,  however,  let  me  state  the  converse  case 
of  what  may  be  expected  to  arise  in  a  period  of  increasing  scarcity 
of  gold.  The  supposition  which  I  now  make  is  that  either  the 
accustomed  supplies  from  the  mines  have  seriously  fallen  off,  or 
that  demands  of  large  amount  have  come  upon  the  gold  bullion 
market  from  new  quarters — for  example,  from  nations  hitherto 
using  silver  or  inconvertible  paper  money  having  resolved  to 
substitute  gold  for  the  silver  or  paper ;  or  that  both  influences — 
failure  of  supplies  and  new  demands — have  simultaneously  come 
into  operation.  That  is  not  an  extravagant  representation  of 
what  has  actually  occurred  during  the  last  fourteen  years.* 

A  scarcity  so  created,  and  on  a  sufficiently  important  scale, 
would,  according  to  the  theory  laid  down,  tend  to  raise  the  value  of 
gold  in  relation  to  other  commodities.  That  would  mean  depression 
of  gold  prices,  leading  to  results  the  opposite  of  those  produced  by 
abnormal  abundance  of  gold,  namely,  an  indisposition  to  acquire  or 

*  NoTK. — The  principal  new  demands  on  the  gold  bullion  market  sinoe 
1871  are  estimated  to  be  as  follow  :— 

Germany,— chiefly  superseding  silver,         £80,000,000 

United  States,  „  „  inconvertible  paper,        100,000,000 

Italy,  „  „  „  „  16,000,000 


£196,000,000 

Vide  Mr.  Giffen's  evidence  before  Select  Committee  of  House  of  Commons, 
November,  1886. 
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to  retain  the  ownership  of  property  whose  value  was  tending  down- 
wards, and  a  preference  for  loans  on  security,  whereby  the  capital 
sum  might  be  preserved,  resulting,  as  a  necessary  consequence,  in 
a  reduction  in  the  rates  of  interest  and  discount  because  of  the 
increased  disposition  to  lend. 

This,  then,  being  the  theory  which  I  have  presented  to  you — 
namely,  that  increasing  ahundcmce  of  gold  will  in  the  first  place 
tend  to  scarcity  of  money,  that  is  to  say,  high  rates  of  discount, 
while  increasing  scarcity  of  gold  will  tend  to  abundance  of  money 
seeking  to  be  lent,  and  consequently  to  low  rates  of  discount, — let 
us  see  how  far  the  facts  of  experience  are  in  harmony  with  the 
theory,  it  being  always  kept  in  view  that  the  influence  in  ques- 
tion, however  powerful  it  may  be,  is  only  one  of  many  which  are 
constantly  at  work  in  the  money  market. 

The  years  of  abundant  gold  may  be  said  to  date  from  1851, 
when  the  Australian  mines  came  to  the  aid  of  those  discovered 
three  years  earlier  in  California,  to  1873,  when  the  great  German 
demands  for  gold  were  sprung  upon  the  market,  then  beginning 
to  be  more  scantily  supplied  from  the  mines,  and  these  followed 
in  1875  and  subsequent  years  by  the  still  more  important  demands 
from  the  United  States  and  Italy.  The  years  of  relative  scarcity 
run  from  1874  to  tbe  present  time.  In  the  first  period,  extending 
over  twenty-three  years,  we  find  that  the  rate  of  discount  at  the 
Bank  of  England  attained  the  high  average  of  £4  Ss.  3d.  per  cent. 
In  the  second  period  of  thirteen  years  it  averaged  only  £3  38.  1  Id., 
a  difference  of  about  one  per  cent.  This  may  be  taken  to  be  a  fair 
test  of  the  comparative  rates  current  in  the  discount  market.  In 
the  second  period,  moreover,  as  is  well  known,  there  has  been  a  great 
fall  in  the  rate  of  interest  allowed  on  loans  generally,  and  on  all  the 
better  class  of  securities,  whether  of  governments,  municipalities, 
or  commercial  corporations.  So  great  has  been  the  demand  for 
the  debenture  and  preference  stocks  of  the  leading  railways,  that 
3  J  per  cent,  is  now  more  difficult  to  be  got  than  formerly  was  4  or 
4^  per  cent.,  and  that  because  of  the  strong  favour  manifested 
during  the  period  for  the  limited  ownership  which  is  enjoyed  by 
the  mortgagee  or  lender.  That  this  tendency  to  ever  lower  prices 
and  lower  rates  of  interest  will  sooner  or  later  become  greatly 
modified,  or  will  entirely  pass  away  when  the  "catastrophic" 
disturbances  in  the  gold  market  have  spent  their  force,  is  highly 
probable.  Whether  it  may  not  already  have  done  so,  whether  or 
not  apprehensions  bom  in  a  period  of  descending  prices,  and 
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intensified  by  so  many  years  of  depression,  may  not  have 
these  rates  to  too  low  a  range,  are  practical  questions  deserving 
the  most  careful  consideration.  But  the  particular  point  to  which 
I  desire  at  present  to  direct  attention,  as  illustrating  the  need  for 
carefully  thinking  out  all  questions  of  this  abstruse  nature,  is  that 
the  prevalence  of  low  rates  of  interest  is  no  proof  of  an  abnormal 
abundance  of  gold,  but  that,  on  the  contrary,  it  may  be  excellent 
evidence  in  support  of  the  opinion  that  gold  is  becoming  relatively 
more  scarce. 

So  far  I  have  been  discussing  the  influence  exercised  on  the 
course  of  the  money  market  by  great  movements  of  an  exceptional 
kind,  proceeding  from  changes  in  the  relative  value  of  gold  and 
other  forms  of  property,  and  whose  action  on  the  rate  of  discount 
arises  from  the  effect  they  have  on  prices.  I  now  go  on  to  inquire 
into  the  working  of  the  money  market  itself,  and  into  the  means 
by  which  the  stability  of  the  system,  and  the  convertibility  into 
coin  of  the  debts  of  bankers  and  their  constituents  are  maintained. 

It  will  be  convenient  to  proceed  by  considering — Firsts  the  con- 
ditions of  the  money  market,  apart  from  any  particular  system  of 
banking ;  Second,  the  system  of  banking  in  the  United  Kingdom, 
apart  from  the  Bank  Acts  of  1844  and  '45 ;  Third,  the  influence 
exercised  by  the  Bank  Acts. 

I.  Tlie  conditioiia  of  the  money  market  apart  from  any  par- 
iicvlar  system  of  banking. 

Banks  are  the  custodians  of  the  spare  funds  of  the  people,  and 
are  entrusted  with  them  on  condition  that  these  funds  shall  be 
repaid  in  coin  on  demand.  Notwithstanding  this  condition,  it  has 
been  shown  by  experience  that  coin  being  only  useful  in  commerce 
as  a  means  of  facilitating  the  exchange  of  other  commodities,  a 
large  portion  of  these  funds  may  be  used  by  the  banks  by  way  of 
loan  and  investment,  provided  there  be  retained  in  coin  such  an 
amount  as  is  sufficient  to  meet  the  public  demand.  The  funds 
held  by  bankei-s  thus  come  to  be  represented  partly  by  coiuy  partly 
by  other  forms  of  property,  these  latter  being,  First,  the  cotton, 
com,  produce,  manufactured  goods,  &c.,  against  which  bills  are 
drawn  and  taken  to  the  banks  for  discount ;  and,  Second,  Govern- 
ment or  other  securities,  which  are  of  the  nature  of  mortgages 
over  the  property  of  the  nation,  corporation,  or  individual  whose 
obligations  they  are. 

.     Kow,  from  the  condition  on  which  the  funds  are  held  by  the 
banks,  it  is  clear  that  there  is  a  point  below  which  they  cannot 
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safely  permit  their  specie  reserves  to  go.  They  must  take  care 
that  such  an  amount  of  specie  is  retained  as  will  ensure  the  con- 
vertibility into  coin  of  all  claims  upon  them ;  because  any  doubt 
on  this  point  will  be  apt  to  create  a  demand  for  specie,  proceeding 
from  distrust.  Banking,  then,  is  based  upon  coniidence  that  the 
banks  shall — Firat^  maintain  a  specie  reserve  sufficient  to  meet  all 
demands;  and,  Second^  exercise  a  prudent  discretion  in  the  amount 
and  character  of  their  loans  and  investments  in  view  of  the  fact 
that  the  funds  may  at  any  time  be  withdrawn  or  transferred  from 
them. 

That  the  funds  held  by  bankers,  and  the  demand  for  them  in 
loan,  are  fluctuating,  arises  from  the  fact  that  they  have  their 
origin  from  transactions  outside  the  bank&  These  transactions 
have  relation  to  the  cultivation,  manufacture,  sale,  and  distribution 
of  commodities ;  the  payment  of  salaries  and  wages ;  the  payment 
of  the  piincipal  and  interest  of  debt,  whether  of  governments, 
corporations,  or  individuals ;  and  to  all  the  varied  dealings  of  men. 
Yet,  however  extensive  and  intricate  these  transactions  maybe,  they 
all  draw  towards  a  focus  through  the  banks,  which  stand  towards 
them  in  the  relation  of  paymasters  and  collectors  of  debts.  If  the 
transactions  occasion  no  disturbance  in  the  due  proportion  between 
the  two  great  groups  of  banking  assets — coin  and  other  forms  of 
property, — the  charge  made  by  bankers  for  their  loans  may  likewise 
remain  undisturbed.  If  they  tend  to  increase  the  coin  of  any  one 
country  beyond  the  needful  amount,  the  banks  of  that  country 
will  be  warranted  in  increasing  their  advances  and  reducing  their 
charge  for  loans,  and  they  will  probably  <lo  so,  if  thereby  they  can, 
on  the  whole,  make  greater  profit.  If  the  tendency  be  to  diminish 
the  coin  reserve,  the  banks  must  watch  any  near  approach  to  the 
safety-point,  and,  by  raising  their  charge  and  reducing  the  amount 
of  their  advances,  maintain  at  all  hazards  such  a  stock  of  coin  as 
will  protect  their  credit  for  "  convertibility." 

Thus,  then,  we  see  something  of  the  general  principle  which 
must  regulate  the  conduct  of  bankers,  and  which  directly  influences 
the  rate  of  discount  It  is  founded  on  the  relation  from  time  to 
time  existing  between  the  two  groups  into  which  banking  assets 
are  divided,  "  specie  '*  and  **  other  forms  of  property."  This 
relation  or  proportion  is  constantly  changing,  and  while,  as  already 
stated,  there  is  a  safety-point  below  which  the  specie  reserve 
cannot  without  danger  be  permitted  to  go,  it  is  to  be  observed 
that  that  safety-point  cannot  be  expressed  in  any  uniform  arith- 
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metical  proportion.  It  is  not  a  mechanical  thing  which  may  be 
allowed  to  work  automatically,  but,  on  the  oontnuy,  must  be 
regulated  bj  experienced  men.  Experience  has  shown  that  certain 
developments,  such  as  war,  &mine,  reckless  trading,  excessitre 
expenditure,  the  undue  oonrersion  of  moveable  into  fixed  capital, 
great  movements,  such  as  we  have  been  considering,  affecting  the 
supply  of  and  demand  for  gold,  will  almost  certainly  operate  in 
particular  directions,  and  whenever  they  are  foreseen  they  should 
be  reckoned  with,  for  it  must  be  remembered  that  raising  the  rate 
of  discount  or  calling  in  advances  will  not  at  once  replenish  the 
specie  reserve.  These  proceedings  require  time  to  tell,  and  do 
tell  only  through  the  graduaUy  lowered  prices  of  securities  and 
commodities,  the  gradually  diminished  profits  and  consequent 
restriction  of  trade,  and  by  the  inducements  thus  offered  to 
capitalists  to  bring  their  money  home.  England  is  the  creditor 
of  almost  every  other  nation,  and  is  able  in  a  few  months  or 
weeks  to  replenish  her  coin  reserves  from  other  countries ;  but  the 
evident  need  for  time  to  effect  this  makes  it  essential  that  a  reserve 
be  at  all  times  Maintained  sufficient  to  meet  every  demand  during 
that  necessary  time.  Any  failure  in  this  may  seriously  shake  the 
fabric  of  commercial  credit. 

It  has  also  to  be  observed  that  fluctuations  in  the  amount  of  the 
reserve  may  often  take  place  without  necessitating  any  action  what- 
ever on  the  part  of  the  banks.  Such  fluctuations  are  occasioned, 
for  example,  by  the  natural  and  well-understood  increase  of  the 
coin  in  actual  .circulation  at  the  quarterly  terms,  when  wages, 
salaries,  dividends,  rents,  are  mostly  paid.  The  coin  so  passing 
from  the  coffers  of  the  banks  into  the  hands  of  the  public,  returns 
to  the  banks  after  a  brief  period  of  service,  and  in  ordinary 
circumstances  its  return  may  be  absolutely  relied  on.  Even 
withdrawals  to  meet  a  foreign  demand  arise  from  causes  so  different 
in  their  nature  that  they  must  be  differently  judged,  and  thus, 
as  already  said,  it  is  evident  that  the  variations  in  the  specie 
reserves  are  not  to  be  checked  mechanically.  In  dealing  with 
them  action  must  be  guided  by  judgment  and  experience. 

In  connection  with  this  it  will  be  useful  to  note  that  the  causes 
of  the  variations  in  the  specie  reserves  may  all  be  classed  under 
three  heads : — 

Ist. — The  natural  increase  or  diminution  just  referred  to  of  the 
coin  in  active  circulation  at  home. 

2nd. — Receipts  from,  or  payments  to,  foreign  countries. 
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3rd. — ^Private  hoarding.  This  class  is  now  comparatively  little 
known  in  this  country,  suid  so  is  apt  to  be  overlooked ;  but  it  must 
be  remembered  that  its  absence  is  solely  owing  to  the  high  credit 
of  the  banks,  and  that  it  will  reappear  in  the  event  of  that  credit 
being  seriously  called  in  question. 

TI.  (The  system  of  Banking  in  the  United  Kingdom  apart  from 
the  Banking  Acts. 

Hitherto  I  have  spoken  of  the  banks  as  if  they  were  in  all 
respects  alike,  and  while  considering  the  general  conditions  of  the 
money  market,  I  have  thereby  been  enabled  to  disembarrass  the 
subject  of  some  considerations  of  a  practical  kind  affecting  the 
banks  of  the  United  Kingdom,  which  must  now  be  taken  into 
account. 

The  first  of  these  is  the  fact  that  the  banks  throughout  the 
country,  taken  individually,  do  not  within  themselves  maintain 
their  own  specie  reserves.  It  has  already  been  explained  that  the 
transactions  of  the  people  draw  towards  a  focus  through  the  banks, 
from  the  banks  acting  as  the  paymasters  and  collectors  of  debts 
for  the  people.  These  debts,  from  the  bankers'  point  of  view, 
come  to  be,  in  the  main,  matters  of  account,  the  balance  only 
that  may  be  due  to  or  by  individual  banks  falling  to  be  actually 
paid.  If  each  bank  kept  its  own  specie  reserve,  payment  of  these 
balances  would  no  doubt  be  effected  by  a  transfer  of  coin  from 
the  vaults  of  one  bank  to  those  of  another,  and  a  continual  process 
of  conveying  coin  to  and  fro  in  settlement  of  daily  balances  would 
be  necessary.  To  avoid  this  needless  trouble  and  risk,  the  practice 
has  grown  up  among  the  country  banks  of  settling  their  balances 
at  one  common  centre,  and  that  centre  is  London,  where  is  the 
bullion  market  of  the  kingdom.  All  payments,  then,  by  one 
country  bank  to  another  are  made  by  draft  on  a  correspondent  in 
London,  and,  for  this  reason,  London  is  the  place  where  the 
reserves  of  country  banks  require  chiefly  to  be  maintained. 

But,  secondly,  the  London  banks  do  not,  any  more  than  the 
country  banks,  keep  their  own  specie  reserves.  Were  they  to  do 
so,  the  same  needless  labour  and  risk  of  conveying  coin  to  and  fro 
among  themselves  would  arise ;  so,  to  avoid  this,  the  practice  has 
grown  up  among  them  of  maintaining  their  reserves  in  one  place, 
and  that  place  is  the  Bank  of  England,  which  is  the  Bankers'  Bank. 
All  balances  due  from  day  to  day  by  one  London  banker  to 
another  are  settled  by  draft  on  the  Bank  of  England,  and  here, 
therefore,  we  seem  to  have  reached  the  very  point  of  the  focus. 
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Yet  it  is  not  so.  These  reserves  of  bankers  held  by  the  Bank  of 
£ngland  are  still  further  economised,  for  the  bank  uses  them  by 
way  of  loan  and  investment  to  such  extent  as  the  directors  of  the 
bank  deem  right ;  and  thus  we  find  that  practically,  and  apparently 
by  common  consent,  there  is  delegated  to  the  directors  of  the 
Bank  of  England  the  grave  responsibility  of  judging  what  amount 
of  specie  reserves  shall,  from  day  to  day,  be  maintained  for  the 
whole  nation. 

In  connection  with  this  responsibility,  it  must  be  observed  that 
the  Bank  of  England  has  no  knowledge  either  of  the  extent  or 
character  of  the  liabilities  of  those  banks  whose  reserves  it  holds, 
nor  does  the  bank  know  the  purposes  for  which  advances  by 
these  banks  are  being  made,  nor  how  far  they  may  lead  to  the 
efflux  of  specie  from  the  country.  What  the  bank  does  know  is 
that  all  the  influences  on  the  reserves  may  be  classed  under  the 
heads  of  Inland  circulation,  Foreign  exchanges,  and  Private 
hoarding,  and  they  must  so  study  the  economic  condition  of  the 
country,  and  the  progress  of  events  affecting  the  material  interests 
of  the  people,  as  not  to  fail  in  maintaining  the  convertibility  into 
gold  of  all  their  obligations. 

This  is  the  system  in  actual  operation,  considered  apart  from 
the  special  legislation  of  the  Bank  Acts.  It  is  certainly  a  highly 
centralised  system,  and  enables  the  banks  to  economise  the  use  of 
gold  in  a  very  remarkable  degree.  It  is  clear  from  it  that  an 
extraordinary  importance  must  always  attach  to  the  increase  or 
diminution  of  the  bullion  reserve  at  the  Bank  of  England,  for  it  is 
chiefly  by  watching  these  fluctuations  that  the  question  can  be 
solved  how  far  the  specie  reserves  of  the  United  Kingdom  are 
being  adequately  maintained. 

III.  The  injiiience  exercised  by  the  Bank  Acta  of  1844  <^^ 
184o. 

These  Acts  proceed  on  the  preamble  that  "  it  is  expedient  to 
regulate  the  issue  of  bills  or  notes  payable  on  demand,''  and  the 
mode  of  regulation  adopted  is  by  prohibiting  the  institution  of  any 
new  bank  of  issue  and  imposing  on  those  in  existence  certain 
stringent  conditions.  It  is  not  my  intention  on  this  occasion  to 
enter  on  the  general  question  of  bank  notes,  a  question  which 
tvould  require  at  least  one  evening  to  itself,  and  I,  therefore,  only 
ask  your  attention  to  the  manner  in  which  the  regulations  of  the 
Bank  Act  exercise  an  influence  on  the  reserves  of  coin. 

The  general  principle  of  the  Acts  of  both  years  is  that  gold 
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must  be  held  by  the  banks  of  issue,  indiyidually,  for  whatever 
sum  their  actual  issues  exceed  their  authorised  issues.  Under  the 
Ekiglish  Act  this  general  principle  is  qualified  by  the  fact  that  the 
country  banks  of  issue  in  England  are  prohibited  from  exceeding, 
under  any  circumstances,  the  amount  of  their  authorised  issues,  a 
prohibition  which  has  the  effect  of  compelling  them  to  use  the  notes 
of  the  Bank  of  England  to  the  extent  whereby  the  demand  upon 
them  for  notes  exceeds  their  authorised  issues.  Any  expansion 
of  notes  in  England,  then,  beyond  the  amount  authorised  in  the 
Act,  is  necessarily  an  expansion  of  the  note  circulation  of  the 
Bank  of  England.  In  Scotland  and  in  Ireland,  on  the  other  hand, 
the  banks  may  increase  their  circulation  to  any  extent  in  accordance 
with  the  public  demand,  provided  that  they  have  gold  at  their 
principal  place  of  issue  to  an  amount  not  less  than  the  amount  of 
such  increase,  ascertained  as  I  shall  presently  explain. 

This  being  the  general  principle  of  the  Bank  Acts,  there  has  to 
be  noted  a  very  important  difference  in  its  application  in  England 
as  compared  with  Scotland  and  Ireland.  At  the  Bank  of  England, 
where  alone  in  England  any  expansion  of  note  issues  can  take 
place,  the  official  arrangements  of  the  bank  are  divided  into  two 
distinct  departments — a  note-issuing  department  and  a  banking 
department.  From  the  note  department  no  notes  can  legally  be 
issued,  even  for  an  hour,  in  excess  of  the  authorised  amount,  plus 
the  coin  in  that  department.  It  follows  from  this  that  a  sudden 
demand  for  notes  made  on  the  banking  department  sufficient  to 
exhaust  their  reserve  will  create  a  dead-lock. 

In  Scotland  and  in  Ireland,  as  already  indicated,  no  such  dead- 
lock need  take  place,  because  any  demand  for  notes,  to  whatever 
extent  it  may  go,  may  be  legally  complied  with  provided  that  on 
the  cMjerage  of  four  weeks^  ascertained  at  the  close  of  business  on 
each  succeeding  Saturday,  the  issuing  banks  respectively  hold,  at 
their  principal  place  of  issue,  an  amount  of  gold  corresponding 
with  the  excess  of  issue  beyond  the  authorised  amount.  (Contra- 
vention of  this  provision  would  involve  a  certain  pecuniary  penalty 
on  the  offending  bank,  but  contravention  is  improbable  and  un- 
necessary because  of  the  time  allowed  for  strengthening  the  stock 
of  gold  through  the  principle  of  average  over  four  successive 
weeks. 

From  the  point  of  view  of  the  central  specie  reserves,  then,  we 
have  here  a  cause  of  disturbance  acting  upon  them,  additional  to 
those  I  have  previously  described,  arising  out  of  the  fluctuations 
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in  the  amount  of  notes  in  active  circulation.  In  ordinaxy  times 
the  causes  of  such  fluctuations  are  well  understood,  and  can  be 
provided  for  by  anticipation.  In  times  of  crisis  it  is  very  different. 
Then  the  note  circulation  is  almost  certain  to  expand,  and  for  this 
reason,  that  when  distrust  prevails  the  banks  throughout  England 
prudently  strengthen  themselves  by  increasing  their  stocks  of 
legal-tender  money  in  the  shape  of  Bank  of  England  notes.  This 
demand,  if  sudden,  as  it  is  apt  to  be,  cannot  but  be  inconvenient 
to  the  bank  at  such  a  time,  because  the  replenishing  of  the  bank's 
reserves  by  raising  the  rate  of  discount  takes  time  to  tell,  and  time 
is  not  allowed  under  the  Act  of  1844  as  under  those  of  1845.  In 
this  fact  rests  the  chief  explanation  of  the  suspension  of  the  Bank 
Act  in  October,  1847,  November,  1857,  and  May,  1866.  Vigorous 
moaauros  were  taken  by  the  bank  on  each  of  these  occasions,  and 
on  the  last  the  rate  of  discount  was,  within  seven  days,  raised 
from  6  to  10  per  cent;  but  before  there  was  time  for  this  step  to 
liavo  its  cflfoct,  the  Government  of  the  day  found  it  necessary,  on 
the  application  of  the  directors  of  the  bank,  to  suspend  the  provi- 
sions of  the  Act. 

Perhaps  it  may  be  said  that  now,  after  forty-three  years'  experi- 
cnoo  of  the  Act,  it  is  better  understood,  and  the  old  difficulties 
will  not  Again  be  allowed  to  recur.  This  view  may  seem  justified 
by  the  fact  that  it  is  twenty-one  years  since  the  Act  was  last 
HiiHponded.  It  may  also  be  said  that  within  that  time  a  new 
powor  in  the  interest  of  stability  has  been  largely  developed  in 
tho  gi*oat  oxton&ion  of  that  class  of  securities  which  is  interna- 
tional in  character,  and  which  can  therefore  be  made  instrumental 
in  attracting  gold  from  abroad.  Much  importance^  undoubtedly, 
attaches  to  tills  last  fact,  and  it  is  another  proof  that  the  difficulty 
of  n^plonishing  tlie  reserves  of  gold  is  not,  in  this  country,  one  of 
means,  but  simply  one  of  time.  It  is  the  suddenness  with  which 
an  incroasod  demand  for  notes  may  deplete  the  reserves  that  has 
to  bo  warded  against ;  and  as  the  reserve  in  the  banking  depart- 
ment, which,  on  the  average  of  five  years  ending  31st  December, 
18C5,  was  £8,330,000,  has  only  been  raised,  on  the  average  of 
the  five  years  ending  31st  December,  1887,  to  £13,305,000,  an 
increase  of  only  £4,975,000,  it  may  reasonably  be  doubted  whether, 
having  regard  to  the  great  increase  that  has  taken  place  in  the 
banking  liabilities  of  the  country,  such  an  enlargement  of  the 
reserve  can  be  considered  an  adequate  protection* 

As  regards  the  fact  that  we  have  had  immunity  from  suspension 
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daring  twenty-one  years,  I  would  remind  you  that  in  my  opening 
remarks  I  showed  that  during  the  last  fifteen  years  we  have  not 
had  financial  conditions  such  as  ordinarily  precede  or  lead  to  a  great 
panic.  These  conditions  are  usually  associated  with  rising  prices, 
accompanied  by  much  speculation  and  undue  inflation.  Since  1 873 
we  have  had  no  such  experience,  but,  on  the  contrary,  a  time — dreary 
and  depressing  to  all  holders  of  property — of  falling  prices,  un- 
relieved by  almost  a  single  glimpse  of  an  upward  tendency.  Such 
financial  catastrophes  as  have  occurred  have  been  mainly  confined  to 
pai'ticular  commercial  coteries,  those,  for  instance,  in  London  in 
1875,  and  in  Glasgow  in  1878;  but  these,  though  disastrous  to  many 
individuals,  were  not  enough  to  shake  the  credit  of  the  country 
generally  as  it  was  shaken  in  1866.  Should  the  cycle  of  falling 
prices  prove  to  be  for  the  present  closed,  and  a  more  buoyant 
period  be  in  store  for  us,  the  kind  of  financial  difficulties  hitherto 
associated  with  rising  prices  may  not  improbably  be  found  to  repeat 
themselves. 

Before  drawing  to  a  conclusion,  it  may  be  interesting  if  I 
place  before  you  a  more  exact  idea  than  I  have  yet  presented  of 
the  aggregate  sums  controlled  by  the  money  market.  This  can 
only  be  done  approximately,  because  the  private  banks,  and  a 
small  number  of  the  joint-stock  banks,  do  not  publish  balance 
sheets;  but,  according  to  the  carefully  constructed  tables  of  the 
Economist*  newspaper,  the  facts  are  believed  to  be  nearly  as 
follow : — 

Estimated  total  of  deposits  and  cnrrent  accounts  held  by 
banks  in  United  Kingdom,  exclusive  of  Bank  of 
England, £550,000,000 

Bank  of  England, 33,000,000 

£583,000,000 
Active  circulation  of  notes,  say — 

Bank  of  England, £25,000,000 

Country  Banks — 
England— Private,         £1,200,000 
Joint  Stock,    1,300,000 

£2,600,000 

Scotland-^oint  Stock,  5,500,000 

Ireland-Joint  Stock,  5,000,000      13,000,000     38,000,000 

Total  of  cash  liabilities, £621,000,000 

The  above  is  exclusive  of  the  paid-up  capital   of  the  banks, 

•  22nd  October,  1887. 
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vhicfa,  as  regards  the  joint-ctock  banks,  amonnts  to  X 70,000,000, 
and  is  exclnsiTe  also  oi  the  deposits  held  in  this  country  by  the 
Colonial  and  Tndian  Banks,  which  nrast  amonnt  to  a  reiy  laige 
aggregate,  but  which,  not  being,  as  a  rule,  reparable  on  demand, 
belong  to  a  different  category  from  those  I  hare  been  considering. 
On  the  other  hand,  the  st^Dcks  of  c^in  and  bullion  mav  be 
estimated  thus : — 

Bank  of  England,  ....     £20,000,000 

Banks  in  Scotland.       ....         4,000,000 

Banks  in  Ireland 3,000,000 

£27,000,000 

If  ve  set  down  for  the  Joint  Stock  and  Prirate  Banks 

in  England  which  make  no  return,  8,000,000 


The  estimated  aggregate  stock  of  coin  and  bollion  is    £35,000,000 

Applying  these  figures  to  the  system  of  hanking  in  the  United 
Kingdom,  as  I  have  explained  it,  we  find  that — 

Against  liabilities  practically  at  call  and  repayable 

in  coin,  amounting  to £621,000,000 

there  are  held — 

Coin  and  bullion,     ....         £35,000,000 
And  documents  representing  commo- 
dities and  securities.     .         .   '     .         5S6,000,000 

£621,000,000 

But  of  the  £35,000,000  of  coin  and  bullion  there  was  locked 
up  in  the  note  department  of  the  Bank  of  England,  at  the  date 
of  the  returns,  £8,000,000,  because  of  the  excess  of  active 
circulation  beyond  the  authorised  circulation  of  the  bank. 
Deducting  this  £8,000,000  from  both  sides,  the  figures  stand — 

Liabilities,    .  £613,000,000 

Coin  and  bullion, 27,000,000 

equal  to  about  4^  per  cent,  of  the  liabUities. 

This  sum  of  £27,000,000  includes  the  reserves  held  by  all  the 
banks  in  the  United  Kingdom  that  are  available  to  meet  demands 
for  Inland  coin  circulation,  Foreign  exchanges,  and  Private 
hoarding,  and  also  the  proTision  against  any  inci^ease  in  the  active 
note  circulation  of  the  Bank  of  England.  That  it  could  in  a  few 
months  or  weeks  be  increased  to  any  required  extent  is  beyond 
doubt.  But  this  operation  requires  time,  and  the  practical 
question  for  consideration  is  whether  or  not  the  sum  of  £27,000,000, 
which  may  be  taken  as  a  fair  average  of  the  national  reserves 
in  ordinary  times,  is  an  adequate  provision  to  meet  all  demands 
in  the  circumstances  explained. 


I 

Mr.  C.  Gaibdxeb  on  Constitution  of  the  Money  Market   289 

It  would  be  an  easy  matter  to  criticise  the  constitution  of  the 
monetary  system  which  I  have  thus  imperfectly  described,  and  to 
point  out  defects,  not  to  mention  anomalies,  in  some  of  its  details ; 
but  it  must  be  remembered  that  any  new  system,  even  if  logically 
perfect  as  regards  its  structure,  would  be  but  an  arrangement  of 
dry  bonea  The  existing  system  is  much  more  than  that.  It  is 
in  vigorous  operation ;  it  possesses  the  traditional  experience  of 
many  generations ;  and,  having  a  record  of  important  service  ren- 
dered to  the  nation,  it  now  enjoys,  notwithstanding  occasional 
instances  of  grave  mismanagement,  the  full  confidence  of  the 
people.  This  reputation,  or  "credit,"  has  an  importance  which 
cannot  be  expressed  in  figures,  but  which,  nevertheless,  is  of  the 
greatest  practical  value  to  the  banks  and  the  public.  In  attempt- 
ing to  improve  the  system  past  experience  will  be  the  safest  guide, 
and  this  has  led  me  to  indicate  two  points  as  having  the  foremost 
claims  to  attention : — 

First,  the  want  of  flexibility  in  the  relations  between  the  note 
and  the  banking  departments  of  the  Bank  of  England  has  in  past 
times  forced  the  suspension  of  the  Bank  Act.  A  partial  remedy, 
at  leasts  is  to  be  found  for  this  in  the  Act  of  1845,  where  the 
principle  of  average  over  several  weeks,  in  the  prescribed  amount 
of  coin  to  be  held,  takes  the  place  of  the  hard-and-fast  rule  of  the 
earlier  Act. 

Second,  the  increase  made  in  the  central  coin  reserves  bears  no 
adequate  proportion  to  the  increase  in  the  wealth  of  the  nation  or 
the  responsibilities  of  bankers.  A  remedy  for  this,  also,  is  in  our 
own  hands,  and  the  extension  to  England  of  one-pound  notes 
would  liberate  the  necessary  coin,  now  needlessly  circulating  as 
pocket  and  till  money,  and  send  it  to  swell  the  reserves  at  the 
centre.  Happily  the  feeling  in  England  against  the  grievance  of 
light  gold  is  becoming  stronger  than  the  old  antipathy  to  one* 
pound  notes,  and  so  an  opportunity  for  this  salutary  strengthening 
of  the  reserves  may  ere  long  present  itself. 

If  suitable  occasion  should  thus  arise  for  considering  the  amend* 
ment  of  the  Bank  Act,  and  suggestions  such  as  I  have  ventured 
to  make  be  carried  into  practice,  I  would  anticipate,  thereafter,  a 
lessened  tendency  to  panic  in  times  of  stringency,  and,  as  a  rule, 
greater  steadiness  in  the  rates  of  discount,  because  of  the  broader 
basis  on  which  the  national  finances  would  then  rest,  and  of  the 
more  flexible  relations  that  would  exist  between  the  two  depart- 
ments of  the  great  central  bank.     There  would  be  no  new  principle 
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introdaoed  whicb  is  not  already  recognised  in  our  banking  l^isla- 
tion ;  and  although  such  modifications  would  not  satisfy  our  root- 
and-branch  reformers,  they  could  create  no  apprehensions  in  the 
minds  of  the  most  uncompromising  upholders  of  the  Acts  as  they 
stand.  If,  in  course  of  time,  new  developments  in  commerce 
should  appear  to  demand  greater  reforms,  I  would,  for  my  part, 
still  counsel  adaptation  of  the  old  system  to  the  new  circumstances, 
rather  than  the  seeking  after  theoretical  perfection.  No  two 
nations  adopt  the  same  principle  in  reference  to  their  reserves  of 
coin,  and  it  is  highly  improbable  that  the  system,  or  the  proportion 
of  reserves  to  responsibilities,  that  would  be  appropriate  to  one 
country  would  be  so  to  another.  The  money  market  of  a  country 
is  of  indigenous  growth,  and  ought  to  be  considered  with  relation 
to  the  circumstances  which  have  produced  it,  and  the  services  it 
has  to  render.  I  hope  I  may  have  been  able,  to-night,  to  interest 
you  in  the  constitution  of  our  own,  and  to  throw  some  light  on 
the  various  influences,  from  without  and  from  within,  by  which  it 
is  liable  to  be  aflected. 
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XVII. — On  the  Measurement  of  Electric  Currents  by  the  Electro- 
lytic Deposition  of  Copper,  By  Andrew  W.  Meiklb, 
*^  ThomBon ''  Experimental  Scholar,  Umrersitj  of  Glasgow. 


[Read  before  the  Society,  22nd  Feliraary,  1888.] 


The  subject  which  I  wish  to  bring  before  you  very  briefly  ia  the 
measurement  of  electric  currents  by  the  electrolytic  deposition 
of  copper.  In  doing  so,  I  do  not  propose  to  deal  with  the  question 
of  electrolytic  current  meters,  but  shall  confine  myself  entirely  to 
the  use  of  the  electrolysis  of  copper  sulphate  as  a  means  of 
standardising  electrical  instruments.  An  investigation  was  made 
about  two  years  ago  in  the  Physical  Laboratory  of  Glasgow 
University  into  the  question  of  the  reliableness  of  copper  electro- 
lysis as  compared  with  silver,  and  the  results  of  these  experiments 
were  communicated  by  Mr.  Thomas  Gray  to  the  Philosophical 
Magazine  for  November,  1886.  The  conclusion  drawn  from  the 
investigation  was  that,  while  silver  in  the  hands  of  a  trained 
experimenter  leaves  nothing  to  be  desired  in  point  of  accuracy,  still 
it  is  open  to  the  objection  of  difficulty  in  manipulation,  while  for 
large  currents,  owing  to  the  very  large  area  of  plates  required,  it 
would  be  much  too  costly  and  troublesome  to  use.  Copper,  on 
the  other  hand,  has  the  advantage  of  simplicity  in  management, 
and  where  attention  is  given  to  a  few  necessary  precautions  great 
accuracy  can  be  obtained.  Since  the  time  of  that  investigation 
the  electrolysis  of  copper  sulphate  has  been  largely  employed  for 
standardising  Sir  William  Thomson's  standard  electric  balances, 
and  has  always  given  the  most  satisfactory  results. 

Before  going  into  the  subject  any  further,  I  would  like  to  show 
you  some  of  the  apparatus.  It  is  very  simple,  as  you  see,  and  is 
such  that  anyone  could  make  it  for  himself  in  a  very  short  time. 
It  consists  simply  of  a  rectangular  frame,  round  the  edge  of  which, 
at  intervals  of  about  five  inches,  are  fixed  a  number  of  spring 
contact  dips,  all  of  which  are  well  insulated  from  each  other  by 
india-rubber  tubing.     All  the  clips  on  one  side  of  the  stand  are 
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sing^vhifethafleoatlieodiersidearedoiible.  (SeeFig.l,FlmteY.) 
TheBe  doable  clips  aie  lor  holding  the  losB-phtes,  or  thoae  by 
which  the  current  puses  into  the  cell,  and  frt»  whidi  the  copper 
is  deposited  npon  the  plate  held  beimeeii  them  bj  the  single  cUp. 
The  electzol  jdc  cell  is  simpl j  a  round  gjsas  jar,  nearly  fiUed  with 
sulphate  of  copper,  into  which  three  rertical  plates  held  by  the 
clips  are  placed.  This  mode  dt  placing  seyeral  sets  of  dips  on  a 
frame  is  Terr  conveniect,  as  the  plates  are  easily  adjusted  in 
position,  and  it  suits  very  well  for  canentB  np  to  about  fifteen 
amperes  by  joining  the  cells  in  aeries  or  parallel,  as  may  be  neoesBary* 
It  also  has  the  adrantage  that,  when  using  the  cells  in  parallel  for 
the  measurement  of  currents  up  to  tm  or  fifteen  amperes,  the 
plates,  owing  to  their  comparatiTe  lightness,  can  be  weighed  on  a 
chemical  balance,  the  additional  number  of  weighings  being  more 
than  compensated  for  by  the  additional  accuracy  obtained. 

For  small  currents  it  is  advisable  to  run  two  or  e^en  three  cells 
in  series,  as  with  small  deposits  a  check  is  thus  obtained  on  the 
weighings,  or  on  any  defect  in  an  individual  cell  It  is  also  best  to 
run  small  currents  a  sufficiently  long  time  to  make  any  error  in 
weighing  a  very  small  percentage  of  the  total  deposit. 

For  currents  from  20  to  200  amperes,  owing  to  the  laige  amount 
of  copper  deposited,  such  delicate  weighing  is  not  necessary,  and 
a  cell  of  different  shape,  with  much  larger  plates,  is  used.  This 
cell  and  the  arrangements  for  large  currents  are  very  fully  described 
in  the  paper  by  Mr.  Gray  previously  referred  ta 

The  gain-plates  are  made  from  ordinary  high  conductivity 
copper.  They  are  cut  in  the  form  shown  in  Fig.  2,  as  this  shape 
of  plate,  owing  to  the  flexible  tongue,  is  very  easy  to  adjust  in  its 
position,  and  when  in  use  only  the  narrow  strip  necessary  to  hold 
the  plate  between  the  contact  clip  is  left  exposed  to  any  possible 
risk  of  oxidation  by  the  atmosphere.  The  edges  of  the  plate  are 
all  carefully  smoothed,  and  its  surface  is  burnished  with  fine  glass 
paper,  which  must  be  thoroughly  dry  and  clean,  until  perfectly 
bright.  It  is  then  rubbed  with  a  piece  of  dean  cloth,  and  finally 
wiped  with  a  silk  handkerchief  to  remove  shreds,  after  which  the 
plates  are  ready  for  weighing. 

We  have  found  it  very  convenient  to  burnish  the  plates  on  a 
wooden  roller,  one  half  of  which  is  covered  with  a  sheet  of  fine 
glass  paper,  and  the  other  with  a  piece  of  doth  or  velvet  This 
cylinder  is  made  to  revolve  rapidly  in  a  turning  lathe,  and  the  plates 
are  held  gently  against  it  by  means  of  a  pad,  any  grains  of  sand 
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being  readily  remoyed  bj  the  velvet  pad  at  the  one  end  of  the 
roller.  Care  should  always  be  taken  in  cleaning  the  plates  not  to 
touch  with  the  fingers  any  portion  intended  to  be  immersed  in  the 
solution,  as  by  so  doing  the  surface  is  spoiled  for  a  deposit.  The 
loss-plates  are  also  made  from  high  conductivity  copper,  but  from 
a  thicker  sheet,  so  that  they  may  last  for  some  time.  No  great 
trouble  is  taken  with  them,  except  to  see  that  they  are  never  put 
into  the  solution  when  oxidised.  The  solution  is  made  by  dissolving 
commercial  copper  sulphate  in  clean  water,  as  it  comes  from  the 
Glasgow  water  pipes,  until  a  density  of  from  1*15  to  1*18  is 
obtained.  One  per  cent,  of  free  sulphuric  acid  is  then  added,  as 
it  has  been  found  from  experience  that,  unless  the  solution  is 
decidedly  add,  the  plates  are  oxidised  in  the  solution  and  very 
irregular  results  are  obtained,  which  are  quite  valueless  for  accurate 
standardising.  On  this  account  the  solution  should  not  be  used 
too  often,  as  the  acid  is  after  a  time  exhausted  by  action  with  the 
plates. 

The  Table  of  Curves,  No.  L,  gives  five  curves  which  were 
obtained  from  experiments  with  ten  cells  in  series  and  difierent 
areas  of  plate  in  each.  Curve  1  is  the  mean  of  about  twelve  or 
thirteen  experiments  made  with  free  acid  in  the  solution.  Curves  2 
and  3  are  taken  from  two  single  experiments,  also  with  about 
one  per  cent,  of  free  acid.  It  will  be  observed  that  these  three 
curves  are  exactly  similar  in  form.  Curve  4  is  taken  from 
an  experiment  made  with  solution  which  had  been  used  too  often, 
and  you  can  see  how  irregular  it  is  as  compared  with  the  others. 
The  fifth  and  very  irregular  curve  is  taken  from  an  experiment 
made  with  solution  from  which  all  the  acid  had  been  withdrawn 
by  the  putting  in  of  some  oxide  of  copper.  The  gain-plates  were 
found  to  be  very  much  oxidised  when  taken  out  of  the  solution, 
and  were  quite  brown  in  colour. 

From  the  remarks  which  I  have  made,  it  will  be  seen  that  as 
the  plates  lose  weight  in  the  solution  some  correction  will  be 
necessary  for  different  current  densities  at  the  cathode  or  gain** 
plate.  This  is  a  subject  which  has  been  very  fully  investigated  in 
the  Physical  Laboratory.  We  have  also  gone  into  the  effect  of 
temperature  on  the  correction  to  be  made,  and  the  results  of  the 
experiments  are  shown  in  these  curves  (Table  No.  II.),  which  I 
shall  speak  of  presently. 

The  experiments  were  made  with  ten  cells  in  series,  all  carefully 
insulated  from  each  other,  and  each  cell  having  a  different  area  of 
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gun^plate,  the  extreme  rmnge  being  from  aboat  20  to  500  8q.  cms. 
per  ampira  The  solution  used  in  all  cases  was  1*17,  with  one  per 
cent,  of  free  sulphuric  add  added.  From  fcurmer  experiments 
described  in  Mr.  Gray's  paper,  no  difference  could  be  observed  in 
the  amount  or  appearance  of  deposits  from  solutions  containing 
percentages  of  acid  vaiying  from  |  per  cent,  to  5  per  cent,  at  a 
temperature  of  about  12"C.  Owing  to  the  very  rapid  consumption 
of  the  free  acid  in  the  solution  at  the  higher  temperatures,  how- 
ever, fresh  solution  was  used  every  time. 

The  curves  in  Table   Na   II.  show  the  results  obtained  for 
different  areas  of  cathode  or  gain-plate.      Each  curve  is  for  a 
different  temperature  between  2^C.  and  SS^'C.     The  curves  all 
converge  rapidly  towards  the  point  of  crossing,  which  shows  that 
the  same  deposit  would  be  had  at  all  temperatures  with  a  small 
enough  area  of  plate,  but^  as  the  deposit  for  areas  under  20  sq. 
cms.  per  ampere  is  never  very  adherent,  no  plate  was  used  under 
that  point     The  curves  were  produced  to  cross  the  line,  and  the 
point  of  crossing  was  taken  as  10,000,  the  other  points  being  reduced 
to  correspond,  so  as  to  render  percentage  corrections  easy  for 
different  sizes  of  plates.     The  ordinates  are  therefore  numbers 
proportional  to  the  weight  of  copper  deposited  in  grammes,  while 
the  abscissiB  are  areas  in  sq.  cms.  per  ampere.      The  curve  for 
2'*C.,  which  is  near  the  freenng  point  of  copper  sulphate,  is  the 
mean  of  three  experiments  which  were  in  very  close  agreement. 
It  is  rather  curious  that  for  a  range  of  current  density  almost  up 
to  150  sq.  cms.  per  ampere  there  is  no  eftect  made  by  variation  in 
area  of  plate,  but  the  same  tendency  is  shown  in  the  curves  for 
12"*,  23**,  and  28",  although  to  a  much  smaller  extent.     The  curve 
for  12*'C.  is  the  mean  of  a  large  number  of  experiments  which  were 
in  very  good  agreement  amongst  themselves.     The  effect  of  tem- 
perature from  10°C.  to  15°C.,  which  is  about  the  ordinary  range  of 
temperature  in  the  Physical  Laboratory  of  Glasgow  University,  is 
very  small,  and  may  be  neglected.     Indeed,  with  a  gain-plate  of 
50  sq.  cms.  per  ampere,  the  total  variation  in  the  corrected  equiva- 
lents for  12°C.  and  28"C.  is  only  about  ^  per  cent.     The  curves 
for  23"C.  and  2S*C.  are  two  single  experiments,  while  the  curve 
for  35°C.  is  the  mean  of  two  experiments  which  were  in  good 
agreement  with  each  other.     The  effect  of  temperature  rapidly 
increases  as  it  approaches  SO^'C,  until  at  35"C.  a  degree  or  two 
degrees  of  difference  in  the  temperature  of  individual  cells  produced 
a  marked  irregularity  in  the  curves.     In  hot  climates,  therefore, 
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the  effect  of  temperature  would  require  to  be  very  carefully  allowed 
for. 

Standardising  Arrangements, — The  arrangements  for  stand- 
ardising are  very  simple,  and  consist  in  joining  in  series  a  constant 
battery,  the  instrument  to  be  standardised,  the  electrolytic  cells, 
and  a  variable  resistance.  Care  should  always  be  taken  to  join 
the  instrument  directly  on  to  the  electrolytic  cells,  and  to  have 
that  portion  of  the  circuit  well  insulated,  so  as  to  be  sure  that  the 
instrument  is  recording  the  whole  amount  of  current  which  is 
passing  through  the  cells.  The  simplest  form  of  arrangement  is 
shown  in  Fig.  3,  Plate  Y.,  and  is  suitable  for  currents  up  to  about  ten 
amperes.  For  currents  up  to  one  ampere  a  high  resistance  rheostat 
of  platinoid  wire  is  used,  and  for  currents  above  that  one  of 
stranded  copper  wire.  For  large  currents  beyond  the  carrying 
power  of  any  rheostat,  a  conductivity  bridge  is  put  into  the  circuit, 
and  is  joined  in  parallel  to  the  copper  wire  rheostat,  as  shown  in 
Fig.  4,  Plate  V. 

The  apparatus  having  been  arranged  in  the  way  mentioned,  trial 
plates  of  the  same  area  as  the  gain-plate  to  be  used  are  put  into  the 
electrolytic  cell,  and  the  current  is  adjusted  to  the  required  reading 
on  the  instrument.  The  circuit  is  then  broken,  the  cleaned  and 
weighed  gain-plates  are  put  in  and  the  cuiTent  is  again  made — the 
exact  second  being  noted  on  an  accurate  time-keeper.  The  in- 
strument, which  should  be  found  very  nearly  to  record  the  desired 
reading,  is  at  once  adjusted  by  turning  the  rheostat,  and  by  that 
means  is  kept  steady  during  the  experiment  Any  error  arising  from 
the  current  not  being  at  the  proper  strength  on  starting  is  very  small. 
As  a  rule,  the  current,  when  previously  adjusted  as  described,  is, 
practically  speaking,  exactly  right  when  made  for  the  standard- 
ising, but  if  it  chance  to  be  even  so  much  as  5  per  cent,  wrong, 
an  amount  which,  with  the  precautions  taken,  is  entirely  out  of 
the  question,  it  could  easily  be  set  right  in  ten  seconds  with 
apparatus  such  as  has  been  described.  This  would  give  an  average 
error  of  about  2J  per  cent,  for  ten  seconds,  or  about  j^  per  cent, 
on  an  experiment  lasting  for  one  hour.  The  current  should  be 
run  until  the  amount  of  the  deposit  will  be  such  that  any  possible 
error  in  weighing  or  in  starting  and  stopping  the  current  is  pi-ac- 
tically  eliminated.  In  breaking  the  current  the  exact  second  is 
again  noted,  and  the  plates  are  quickly  removed  from  the  clips  and 
placed  in  a  glass  vessel  containing  pure  water,  with  a  few  drops  of 
sulphuric  acid  added  to  prevent  oxidation.      From  this  they  are 
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XYIII. — On  Nooeioua  Tapowrs  and  Toum  Smokej  imth  Suggestions 
on  House  Warming.  By  Alfred  E.  Fletcher,  F.O.S., 
F.I.S.,  H.M.  Chief  Inspector  under  the  Alkali,  &a,  Works 
Begolatiou  Act. 


[Read  before  the  Society,  25th  January,  1888.] 


Tieldino  in  an  unwary  moment  to  the  seductive  invitation  of 
your  excellent  President,  Dr.  Russell,  I  consented  to  read  a  paper 
before  you  this  evening  on  Noxious  Vapours,  including  Town 
Smoke,  and  to  touch  on  a  subject  that  leads  naturally  from  this — 
namely,  House  Warming.  I  will  do  my  best  now  to  fulfil  the 
promise,  asking  your  forbearance  beforehand  should  my  lecture 
partake  of  the  dulness  inherent  in  the  subject  of  which  I  treat. 

I  will  not  take  up  your  time  by  dwelling  on  the  necessity  of 
our  having  a  sufficient  quantity  of  air  to  breathe,  remarking  only 
that  the  air  should  be  unmixed  with  any  foreign  gas,  whether  that 
gas  be  one  that  is  actively  hurtful  to  our  bodies  or  whether  it  is  to 
them  inert  and  serves  only  to  dilute  the  air  we  inhale.  The  air, 
composed  of  oxygen  and  nitrogen  with  a  little  carbonic  acid  and  a 
varying  quantity  of  watery  vapour,  is  not  a  definite  compound 
of  these,  but  a  mixture  only,  and  one  that  can  be  modified  by 
diminishing  or  increasing  one  or  other  of  its  ingredients.  The 
same  relative  proportions  of  its  constituents  is,  however,  steadily 
maintained,  thanks  to  the  many  agencies  in  nature  ever  working 
to  this  end. 

The  animal  breathes  the  air,  and  oxygen  is  absorbed  into  the 
blood.  There  it  combines  with  effete  matter,  composed  chiefly 
of  carbon  and  nitrogen,  forming  with  them  carbonic  acid  and 
watery  vapour.  These  are  exhaled  and  mix  with  the  atmosphere, 
which  would  soon  be  thus  vitiated  but  for  the  corrective  action  of 
plants  which  take  up  the  carbonic  acid  and  under  the  influence  of 
sun-light  decompose  it,  assimilating  the  carbon  into  its  structure 
and  returning  the  oxygen  to  the  atmosphera  And  lest  this  action 
should  locally  be  impeded  and  air  of  irregular  composition  be  found 
lurking  in  places,  the  atmosphere  moves  in  mass  from  place  to 
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place,  and  the  winds  of  heaven  search  out  every  nook  of  valley 
and  forest,  to  the  end  that  by  incessant  mixture  the  air  should 
retain  its  normal  condition,  its  parts  being  ever  mixed  in  just  that 
proportion  which  is  best  fitted  for  the  respiration  of  man  and  beast 
If,  then,  nature  is  so  careful  to  maintain  the  pristine  condition 
of  the  air  we  breathe,  let  us  imitate  her  care  and  use  every 
practicable  means  to  avoid  its  contamination. 

Man  in  all  the  methods  of  his  activity  seems  to  be  ever  at  war 
with  nature ;  he  subverts  her  arrangements  and  attacks  her  at 
every  step.  She  in  turn  resists  him  and  impedes  his  progress. 
The  settler  in  a  new  country  commences  his  operations  by  cutting 
down  and  destroying  the  branching  forest  which  adorns  the  hill- 
side; he  thrusts  in  his  ploughshare  and  breaks  up  tlie  tangled 
under-growth.  It  is  true  that  in  time  a  lovelier  prospect  may 
present  itself  than  the  primeval  one  which  has  been  disturbed, 
nevertheless  man's  first  act  seems  to  be  to  disturb  and  to  injure. 
As  in  the  earth  so  is  it  in  the  air,  that  this  part  goes  on  and  is  ever 
more  extended  as  man's  activity  increases. 

Man's  very  act  of  breathing  contaminates  the  air,  and  the  more 
he  works  the  more  he  breathes.  He  lights  a  fire  to  warm  him- 
self and  cook  his  food — ^the  injury  is  accelerated  Population 
increases,  the  common  war  against  nature  goes  on,  and  no  heed  is 
given  until  she  retaliates.  The  return  blow  is  not,  however, 
always  aimed  at  the  original  offender;  often  the  innocent  suffer 
for  the  crimes  of  others.  One  man  is  a  chemical  manufacturer ; 
he  sends  into  the  atmosphere  gases  for  which  he  has  no  present 
use ;  the  injured  air  moves  on,  and  passing  over  the  ground  of  a 
neighbouring  farmer  wreaks  vengeance  there  by  killing  his  crops. 

If,  in  general,  a  man's  ill  deeds  affected  himself,  and  the  only 
i<esults  of  his  actions  fell  wholly  on  his  own  head,  there  would  be 
less  complaining  and  the  evil  itself  would  be  much  curtailed.  It 
is  not  so,  however,  and  the  case  before  us — that  of  contamination 
of  the  atmosphere — is  no  exception  to  the  general  rule. 

What  is  a  noxious  vapour?  Let  us  not  stay  until  we  are 
satisfied  with  an  answer  to  that  abstract  question ;  rather  let  us 
say  some  vapours  are  noxious. 

Can  all  noxious  vapours  be  prevented]  I  think  not  wholly. 
They  may  be  lessened,  but  not  wholly  suppressed.  The  pre- 
liminary remarks  in  this  paper  have  been  intended  to  lead  up  to 
this  negative  reply.  Dirt  seems  to  be  one  of  the  unavoidable 
accompaniments  of  man's  work — of  his  attack  on  nature  in  the 
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pursuit  of  objects  necessary  to  his  existence.  But  just  as  a 
brighter  prospect  grows  up  under  the  cultivator's  hand  than  "was 
seen  in  the  wildness  of  nature,  so  the  gain  of  the  manufacturer  is 
an  ample  reward  for  the  dirt  and  turmoil  of  his  processes. 

The  material  of  the  white  paper  from  which  I  read  was  in 
colour  as  brown  as  is  the  floor  on  which  I  stand,  until  it  was 
bleached  by  chlorine,  an  irritant  noxious  gas.  The  dye  which 
colours  the  garments  we  wear  is  the  result  of  manufacturing 
processes  from  which  noxious  vapours  abundantly  may  proceed. 
The  brighter  tints  of  women's  dress  can  boast  no  different 
parentage.  The  metals  which  we  use  on  every  hand  are  the 
outcome  of  smelting  processes,  the  sulphurous  fumes  from  which 
are  noxious  in  the  highest  sense.  It  would,  indeed,  be  difficult 
to  name  any  article  we  use  whose  substance,  texture,  or  colour 
has  not  been  produced  by  some  manufacturing  process,  during  the 
conduct  of  which  some  noxious  gas  has  been  evolved. 

You  groan !  the  burden  grows  too  heavy.  Is  this  the  price  we 
pay  for  our  vaunted  civilisation?  Can  we  not  shirk  it)  No, 
verily,  but  we  may  compromise  with  the  creditor.  Let  the  skill 
used  to  elaborate  the  much-valued  result  be  employed  to  avoid, 
as  much  as  is  possible,  the  injury  committed.  If  due  diligence  is 
bestowed  in  this  direction  there  will  be  but  little  ground  left  for 
complaint.  Much,  indeed,  may  be  done  to  diminish,  and  yet  again 
diminish,  the  amount  of  noxious  vapour  emitted,  until  the  residue 
is  small  and  comparatively  harmless,  but  utterly  suppress  them 
we  cannot. 

Forgive  if  I  have  been  so  long  in  reaching  this  point;  its 
importance  is  my  excuse.  If  not  positively  acknowledged,  we 
aim  at  a  mark  to  which  we  can  never  attain;  if  we  admit  it, 
we  reach  higher  and  higher,  until  we  are  surprised  at  our  own 
successes. 

This  principle  ia  admitted  in  the  law  of  our  country — in  our 
Noxious  Vapours  Act,  the  soKsalled  Alkali,  &c.,  Works  Regulation 
Act,  and  in  the  Kivers  Pollution  Prevention  Act ;  the  admission 
may  be  inferred  from  the  existence  and  phraseology  of  these  Acts, 
that  there  are  and  will  be  pollutions  of  air  and  of  water,  but  it 
is  made  incumbent^  under  heavy  penalties,  on  every  citizen  to 
employ  the  best  practicable  means  for  controlling  and  diminishing 

them. 

This  wise  position  has  not,  however,  been  always  taken  by  the 
Legislature.     If  we  trace  back  the  laws  which  have  been  passed  in 
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reference  to  noxious  gases,  we  must  go  back  to  very  distant  times. 
Five  centuries  and  a-half  ago,  in  the  reign  of  King  Edward  IL,  it 
seems  that  coal  ('*  sea-coal,"  as  it  was  called,  since  it  was  brought 
from  Newcastle  by  sea)  was  already  largely  employed  in  or  about 
London,  principally,  I  suppose,  in  smithies,  breweries,  and  other 
factories  where  large  fires  were  needed,  not  yet  in  houses,  perhaps. 
It  was  used  in  sufficient  quantities  to  cause  great  offence  by  the 
black  smoke  emitted.  So  great  were  the  complaints  that  in  the 
year  1313  the  Parliament  petitioned  the  King  to  forbid  the  use 
of  sea-coal  altogether ;  and  this  was  dona  It  was  a  trenchant 
measure,  and  did  not  recognise  the  principle  I  have  tried  to  estab- 
lish, and,  in  consequence,  it  was  unsuccessful.  How  far  the  edict 
was  obeyed  at  the  time  I  cannot  learn,  but  certainly  the  abstinence 
ei\joined  was  not  practised  long.  Wood,  the  ordinary  fuel  of  the 
country,  became  scarcer  as  the  forests  vanished  before  the  in- 
0)H)UMing  population,  and  coal  had  to  take  its  place. 

Kvor  since  these  early  days,  smoke  has  held  its  own  against  all 
attempts  at  suppression.  To  come  down  to  more  recent  times,  we 
find  that  in  1829  a  Select  Committee  of  the  House  of  Commons 
iuquii^ed  into  the  edect  of  the  smoke  of  factory  chimneys  on  the 
public  health ;  and,  in  1843,  another  Committee  considered  the 
**  moans  and  expediency  of  preventing  the  nuisance  of  smoke." 
Hiuoo  tliat  time  three  Imperial  Acts  have  been  passed — namely, 
those  of  1857,  1861,  and  1865~in  which  black  coal-smoke  is 
docltired  to  be  a  nuisance,  and  its  emission  prohibited  under 
I)oualtio8.  In  the  Public  Health  Act  for  Scotland,  1867,  black 
smoko  is  condemned  as  a  nuisance,  and  in  the  Scotch  Smoke 
Abatement  Act,  1857,  it  is  enacted  that — ''£very  furnace  be 
constructed  or  altered  so  as  to  consume  or  bum  the  smoke  arising 
ftx)m  such  furnace. "  The  penalties  attached  are  from  forty 
shillings  to  £5  for  the  first  offence ;  £10  for  the  second  offence ; 
and  for  every  subsequent  offence,  the  penalty  is  to  be  doable  that 
of  the  last,  with  all  costs  in  addition.  This  seems  severe  enough ; 
surely  there  are  no  people  daring  enough  to  emit  black  smoke 
after  this.  Wait !  there  is  one  more  line  to  be  quoted : — "  This 
Act  is  to  be  enforced  by  the  Local  Authority." 

And  do  not  the  Local  Authorities  throughout  the  kingdom 
enforce  it  f  Tes,  certainly ;  at  least,  they  do  in  Glasgow.  They 
punish  every  one  who  emits  black  smoke,  but  they  put  their  own 
interpretation  on  the  word  "emit."  <<Emit"  is  held  to  mean 
"  discharge  during  three  consecutive  minutes,"  but  this  must  not 
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oocor  too  often,  that  is  to  say,  ^'  in  the  aggregate,  not  more  than  ten 
minutes  in  the  hour." 

The  descriptive  word  ''black''  is  also,  I  am  told,  literally 
interpreted.  To  draw  down  a  prosecution  the  smoke  must  be 
quite  black.  Is  not  three  minutes  of  uninterrupted  densely  black 
smoke  a  long  measure,  or  an  aggregate  of  ten  minutes  in  the  hourl 
It  would,  I  think,  show  that  no  great  effort  had  been  made  on  the 
part  of  the  proprietor  to  prevent  smoke  emission.  Moreover,  is  a 
space  of  three  minutes,  or  an  aggregate  of  ten  minutes  in  the  hour, 
allowed  for  each  boiler]  If  so,  in  cases  where  there  is  a  battery 
of  six  or  more  boilers,  black  smoke  may  be  sent  out  all  day  from 
the  chimney-top  without  giving  ground  for  interference  on  the 
part  of  the  police.  Let  us  presume  the  ten  minutes'  allowance  is 
for  each  chimney,  not  for  each  boiler. 

In  London  the  police  inspectors  do  not  consider  that  their  duty 
is  limited  to  the  simple  observation  of  the  chimney-top.  When 
offensive  smoke  is  found  to  issue  from  it^  their  engineer  visits  the 
factory  and  ascertains  by  his  own  inspection  whether  any  and 
what  means  are  in  use  for  preventing  smoke.  If  the  owner  of 
the  furnace  is  earnestly  applying  means  likely  to  accomplish  the 
desired  end,  time  for  carrying  out  the  plan  is  given,  and  much 
greater  leniency  is  shown  than  where  nothing  is  being  done  of  a 
remedial  nature.  The  engineer  so  employed  under  the  Home 
Office  no  doubt  is  often  able,  by  judicious  advice  and  by  affording 
information,  to  smooth  the  path  which  steam  users  sometimes  find 
such  a  difficult  one  to  tread. 

There  can  be  no  need,  however,  for  continued  leniency  where 
the  emission  of  black  smoke  is  permitted.  Abundant  proof  has 
been  given  of  the  possibility,  and  in  most  cases  the  economy,  of 
smoke  prevention,  and  it  may  be  safely  asserted  that,  if  a  deter- 
mination were  come  to  on  the  part  of  the  public  and  the  authorities 
that  the  emission  of  black  smoke  should  cease,  the  difficulties  which 
have  presented  themselves  would  be  found  to  have  been  imaginary, 
or,  at  any  rate,  such  as  could  be  overcome  by  the  application  of 
skill  and  determination. 

To  obtain  correct  information  as  to  the  efficiency  of  the  various 
smoke-prerenting  appliances  which  are  offered  by  their  various 
inventors  is  not  easy.  One  man  declares  that  he  is  using  a  certain 
arrangement  with  great  success.  You  look  at  his  chimney  and  are 
delighted  with  the  continued  absence  of  black  smoke.  You  make 
inquiry  as  to  the  consumption  of  coal  and  the  duty  done  by  the 
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boiler,,  bat  probabiT  no  oomct  infbrmatioa  cftn  be  given — ^tliey  are 
noc  in  th«  habit  of  making  sack  exact  obfienrationB.  Or,  agun, 
a  frit^nd  asms:  a  noirel  apparacits^  or  aome  fresh  arraiigement  of  his 
ftinxace^  assorva  Toa  chac  not  onlr  has  he  entirely  ceased  to  produce 
snioke^  but  he  saves  10  per  cent,  of  his  coaL  This  sounds  more 
promising^  bat  on  close  inquirr  joa  find  that  your  friend's  con- 
sumption ot*^  &t*I  hud  preTiousIj  been  most  extravagant,  and  that 
to  save  10  per  cent,  was  a  venr  simple  matter,  that,  indeed,  his 
pre«^nt  ^v^tem  adf^.^rds  no  model  for  voa  to  copy  advantageously. 

lu  order  to  make  real  advance  iu  this  matter,  and  to  afford  a 
^r  compt^rtisoa  of  the  various  svstems  proposed  for  economical 
tirtii^  with  avoiJanv.'e  of  smoke«  (me  could  wish  that  as  many  of 
them  a$  poi^ible  siiould  be  worked  in  competition,  one  against  the 
oth^Tv  iu  the  same  place,  subject  to  the  same  canditions,  and  doing 
the  same  work — &I.  being  done  under  strict  scientific  r^pstration 
of  the  results  attaiseiL 

Such  an  op^vrturLit y  b  not  often  to  be  found,  but  a  proposal  has 
lately  been  m;;vde  taa:  ;sit  the  latemational  Exhibition  to  be  opened 
shortly  in  Olas^w  such  a  scheme  might  be  carried  oiat.     A  battery 
of  nine  or  ten  large  Knlers  b  to  be  employed  in  raising  steam 
to  dri>-e  the  machinery  of  the  Exhibition ;  if  each  of  these  were 
fittevi  with  a  mechanical  stoker^  a  hollow  bridge^  a  steam  blasts 
or  with  any  one  of  the  many  appliances  now  brought  forward,  an 
accuriite   comparison  could  be  made  of  their  relative  efficiency, 
Wth  as  smoke-preventers  and  as  5team>raiaeT&     An  assistant- 
engineer  ap^x^iuted  for  the  purpc«se  would  be  able  to  register  the 
amount  of  water  e\*aporated  and  the  coal  cansumed,  so  that  a 
visitor  would  then  receive  the  precise  information  needed,  and  which 
otherwise  it  is  most  ditlicult  to  obtain.     Such  a  display  of  steam- 
furnace  appliances  would*  I  think,  form  a  vary  marked  feature  of 
interest  in  the  forthcoming  Exhibition— one  that  would  attract  a 
large  number  of  visitors*  not  from  our  own  country  only,  but  frcHU 
aU  parts  of  the  world.     It  would  also  leave  behind  it  a  permanent 
mark,  as  the  report  which  would  be  issued  would  be  of  extreme 
value  for  future  reference.     Unfortunately,  I  have  to  add  that 
this  useful   project   is  not  to  be  carried  out;  the  scheme  has 
been  discussed  by  those  having  the  conduct  of  the  Exhibition, 
and  dismissed  as  impracticable.      I  cannot  but  think  that  they 
have  magnified  the  difficulties  to  be  encountered,  and   aome- 
what  lost  sight  of  the  many  advantages  that  would  have  been 
obtained. 
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One  of  the  advantages  gained  by  it  would  have  been  that  of 
affording  an  opportunity  of  showing  to  any  smoke-producer  a 
number  of,fumaoe  appliances,  all  of  them  successful  in  preventing 
smoke.  The  plea  of  non  possumvas  would  have  been  effectively 
taken  away,  since  it  would  have  been  possible  to  point  to  a  variety 
of  arrangements  of  furnace  appliances,  all  of  which  accomplished 
the  desired  end,  and  with  an  economy  of  fuel  and  boiler  space. 

Another  and  important  class  would  also  have  been  greatly 
benefited — namely,  the  Scotch  colliery  proprietors.  Since  most 
of  the  Scotch  coal  is  highly  bituminous  and,  when  burnt  unwisely, 
is  very  smoky,  it  has  been  rejected  by  many  merchants  in  favour 
of  Welsh  coal,  which  is  less  gassy.  Loud  complaint  was  made 
last  year  when  some  of  the  vessels  of  H.M.  Channel  Fleet  were 
anchored  for  a  while  in  the  Forth,  because  they  sent  to  South 
Wales  for  a  supply  of  smokeless  coal,  instead  of  using  that  from 
the  neighbouring  collieries.  Now,  had  this  competition  of  smoke- 
preventing  furnaces  been  encouraged  at  the  Glasgow  Exhibition, 
no  doubt  it  could  have  been  shown  that  the  Scotch  gassy  coal,  if 
properly  treated,  can  be  burnt  without  producing  black  smoke. 

Some  years  ago  some  of  the  Durham  coal-owners  carried  out  a 
series  of  furnace  tests,  for  the  purpose  of  proving  to  the  Admiralty, 
and  other  consumers  of  smokeless  coal,  that  their  coals  were  also 
smokeless  if  burnt  in  a  proper  manner ;  and  they  showed  that  the 
duty  got  from  the  coal  was  greater  when  smoke  was  avoided  than 
when  it  was  emitted  from  the  chimney.  A  similar  set  of  ex- 
periments was  also  conducted  at  Wigan,  at  great  expense,  at  the 
instance  of  the  colliery  proprietors  there,  and  with  the  like  result. 
In  both  cases  the  record  of  the  experiments  showed  that  the 
bituminous  coals  from  those  coal-fields  could  be  advantageously 
burnt  without  producing  smoke,  and  it  was  distinctly  shown  that 
there  was  loss  of  effect  when  black  smoke  was  permitted  to  escape. 
Had  this  promising  scheme  been  carried  out  at  the  forthcoming 
International  Exhibition  as  proposed,  the  Scotch  coa]-owners  would 
have  been  able  to  prove  the  economic  value  of  their  coal  without 
going  to  the  expense  of  special  experiments.  The  fiat  has,  how- 
ever, gone  forth — ^the  smokeless  contest  is  not  to  take  placa 

I  have  dwelt  now  as  long  as  my  time  allows  on  the  nuisance 
arising  from  the  black  smoke  which  too  often  issues  from  factory 
chimneys.  Much  more  might  have  been  said  descriptive  of  the 
various  means  available  for  its  cure,  and  also  of  the  repeated 
declarations  made  by  the  Legislature  that  the  pollution  of  the 
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atmosphere  by  ooal-fimoke  is  an  offence  against  the  oommunitj 
and  punishable  as  a  crime. 

I  pass  on  now  to  consider  the  sub-divided  but  constant  pollution 
carried  on  by  the  coal-smoke  which  issues  from  the  chimneys  of 
our  dwelling-houses. 

Living  as  we  do  in  a  climate  in  which  for  half  the  year  artificial 
heat  is  necessary  to  our  comfort,  it  is  a  matter  of  primary  importance 
that  we  should  learn  how  to  warm  the  air  of  our  houses.  The 
method  first  adopted  by  the  Highland  cottar  of  lighting  a  fire  of 
peat  on  the  floor  of  his  cabin  was  one  most  economical  of  heat. 
The  heat  given  out  by  the  fire  was  all  usefully  applied  to  the 
warming  the  interior  of  his  dwelling.  Unfortunately,  with  the  heat 
was  also  smoke,  and  if  the  cottar  ever  wished  to  close  the  door  of 
his  hut  he  must  make  a  hole  in  the  roof  for  its  escape.  As  an 
ornamental  finish  an  old  barrel,  with  both  ends  knocked  out,  was 
stuck  on  the  roof — an  incipient  chimney  stalk.  This  did  pretty 
well  in  calm  weather,  but  a  gust  of  wind  entering  at  the  door  so 
whirled  about  the  smoke,  mixing  it  with  the  air  of  the  room,  that 
it  was  no  longer  pleasant  for  eye  or  nostril 

Some  adventurous  spirit^  determined  in  building  his  abode  to 
advance  beyond  what  his  father  had  done,  prolonged  the  chimney 
downwards,  passing  it  along,  or  building  it  in,  the  house  wall,  and, 
removing  the  fire  from  the  centre  of  the  floor,  placed  it  against 
the  wall  under  the  chimney  prepared  for  it  What  convulsion  of 
society  accompanied  the  taking  of  this  important  step  in  domestic 
economy  we  are  not  told.  Probably  the  first  innovators  were 
placed  under  a  ban — were  shunned  as  those  who  desired  to  over- 
turn society.  They  were  iconoclasts,  dishonouring  the  traditions 
of  their  ancestors.  Indeed,  this  step  was  so  painful  that  humanity 
has  steadily  refused  to  take  another  in  this  matter,  and  our 
elaborate  fire-places,  with  their  ornamental  surroundings,  are  but 
the  hole  in  the  wall  with  the  uprising  chimney  devised  by  this 
remote  ancestor. 

Much  may  be  said  in  praise  of  the  open  fire.  Who  does  not 
love  its  bright  and  genial  blaze,  or  would  undertake  the  thankless 
task  of  pointing  out  deficiencies  in  so  cheery  a  friend)  May  be, 
indeed,  the  fault  is  ours :  we  expect  too  much  of  the  fire,  demanding 
of  it  that  which  can  better  be  otherwise  supplied. 

To  make  sure  that  all  the  smoke  should  pass  quickly  up  the 
chimney  and  not  mix  with  the  air  of  the  room,  we  make  an  ample 
opening.     This  permits  the  passage  not  only  of  the  smoke  but  of 
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a  large  stream  of  air  also.  The  air  thus  taken  from  the  room 
and  expelled  through  the  chimney  must  he  supplied  again;  it  is 
therefore  drawn  in  through  every  creyice,  through  half-shut  door 
or  leaky  window.  Nor  is  it  possible  to  avoid  this  in-draught  of 
cold  air,  for  were  it  completely  prevented  the  chimney  would  cease 
to  keep  the  room  free  from  smoke. 

The  cure  for  draughts  of  cold  air  should  not  be  sought  by  listing 
the  door  and  putting  sand  bags  on  the  windows,  but  by  providing 
a  quantity  of  warm  air  sufficient  to  supply  all  the  demands  the 
open  chimney  may  make  upon  it.  When  the  house-doors  are  shut 
and  many  fires  are  burning  a  considerable  suction  is  set  up  by  the 
draught  of  the  chimneys,  and  if  no  proper  provision  is  made  for 
the  entrance  of  air,  air  will  enter  at  improper  places,  perhaps 
through  cellars,  bringing  with  it  a  damp  unwholesome  taint;  or, 
may  be,  through  an  untrapped  sink  or  faulty  drain  pipe;  or  down 
an  unused  chimney,  bringing  with  it  the  unwholesome  smell  of 
soot. 

A  remedy  for  all  this  will  be  found  in  providing  for  the  free 
entrance  of  air  through  some  proper  channel.  In  my  case  I 
have  chosen  the  back  or  garden  side  of  the  house,  and  about  10 
feet  from  the  ground  have  cut  a  hole  for  the  admission  of  a  light 
iron  pipe  10  inches  diameter;  this  turns  upwards  a  little  towards 
the  sky,  and  is  protected  from  falling  dust  by  a  slight  hood.  The 
air  passing  inwards  meets  first  a  large  sheet  of  thin  woollen  cloth, 
through  which  it  filters  and  there  deposits  the  smuts  and  dust  too 
frequently  found  in  the  air  of  all  towns.  This  cloth  should  be  as 
large  as  possible  so  as  to  offer  as  little  obstruction  to  the  air  as 
may  be.  In  my  case  the  extent  is  24  square  feet.  From  the 
shallow  box  containing  the  filter  cloth  the  air  passes  on  as  before 
through  a  10-inch  iron  pipe  to  the  heating  stove,  the  construction  of 
which  I  will  presently  describe  (see  Plate  VJ.).  There  warmed  to 
a  temperature  of  about  150"*  Fah.  it  ascends  through  a  short  pipe  to  a 
grating  in  the  hall.  This  becomes  filled  with  warm  air,  and  from  it 
the  adjoining  rooms  draw  their  supply.  The  warm  air  ascends  by 
the  staircase-well  and  finds  its  way  into  every  apartment.  The  chim- 
neys  of  the  house  are  all  open ;  the  ventilation  not  only  goes  on  as 
usual  but  is  much  assisted  by  the  constant  stream  of  warm  filtered 
air  ever  driven  in.  There  is  produced  an  all-pervading  sense  of 
comfort  It  is  no  longer  necessary  to  carefully  select  the  one  or  two 
places  in  the  sitting-rooms  which  have  the  repute  of  being  free 
from  draught — all  places  are  alike.     The  doors  may  now  be  left  ajar 
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without  aroufiing  complaint,  and  the  window  is  no  longer  accused 
of  causing  a  draught. 

Much  might  be  said  as  to  the  moral  effect  of  such  an  arrange- 
ment in  that  many  of  the  minor  discomforts  of  the  house  are 
removed  The  effect  of  supplying  a  house  freely  with  warmed 
fresh  air  is  like  that  of  changing  the  climate,  it  is  as  a  change  of 
season — a  leap  from  January  into  May. 

Air  warmed  by  a  stove  is  often  said  to  be  unpleasantly  dry. 
Yet,  how  has  the  air  been  dried  1  The  heating  surfaces  do  not 
absorb  moisture,  nor  have  they  power  to  destroy  it.  True,  the  air 
is  expanded,  and  therefore  the  warm  air  has  less  moisture  per  cubic 
foot  than  had  the  cold  air.  Yet,  can  this  be  an  evil)  The  air  of 
our  climate  is  usually  too  moist,  and  we  gladly  avail  ourselves  of 
an  opportunity  of  staying  in  a  district  where  the  air  is  dry.  Why 
then  is  the  alleged  dryness  of  stove-warmed  air  objected  tol  To 
this  the  following  reply  may  be  given.  The  air  around  us  is  laden 
with  dust  This  is  composed  of  filaments  of  cotton,  wool,  hair, 
and  other  matter  chiefly  either  of  animal  or  vegetable  origin. 
These  small  particles  on  coming  into  contact  with  the  heating 
surfaces  are  singed  or  burnt,  and  made  to  give  out  a  characteristic 
smell.  It  is  this  burnt  smell  which  is  objected  to.  The  air,  how- 
ever, is  not  burnt,  but  only  the  dust  with  which  it  was  laden ;  nor 
is  it  dried,  and  if  it  were  that  would  not  be  detected  by  the  nose. 
It  is  not  usual  on  a  dry  sunny  day  for  us  to  say — "How  un- 
pleasantly dry  the  air  smells.'' 

If,  then,  the  over-heated  or  burnt  dust  is  the  cause  of  the 
offence,  the  evil  may  be  avoided  by  removing  the  dust.  This  is 
done  by  filtering  the  air  through  a  woollen  cloth  before  it  reaches 
the  heating  stove,  as  has  been  already  described.  It  is  found  that 
air  so  filtered  before  being  warmed  does  not  assume  the  unpleasant 
smell  referred  to  in.  passing  the  stova  Of  course  all  heating 
stoves  should  be  so  contrived  as  to  have  a  large,  moderately  heated 
surface,  rather  than  one  small  and  over  hot.  In  the  drawing  now 
shown  (Plate  VI.)  it  will  be  noticed  that  the  heat  is,  in  the  first 
instance,  taken  up  by  the  products  of  combustion  which  are  made 
to  surround  the  stove  itself  in  an  annular  envelope.  Outside  this  is 
the  air  to  be  warmed  which  gets  its  heat  thus  at  second  hand,  and 
moderated  in  degree. 

It  will  be  noticed  that  the  air  to  be  wanned  enters  at  the  top 
of  the  stove,  coming  first  in  contact  with  the  smoke  as  it  leaves. 
Descending  now  it  passes  over  surfaces  progressing  wanner  until 
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it  touches  the  hottest  part,  and  then  ascends  to  pass  into  the 
house.  Thus  the  air  leaving  the  stove  is  much  hotter  than  the 
smoke,  it  being  about  200"  Fah.,  while  the  smoke  is  about 
120"  Fah.  This  is  the  reverse  of  the  condition  usually  experienced 
in  air-heating  apparatus.  There  the  air  and  the  smoke  pass  away 
in  parallel  channels,  moving  in  the  same  direction.  The  smoke 
must,  therefore,  on  leaving,  be  always  hotter  than  the  air  it  has 
warmed.  In  the  stove  here  shown,  the  air  and  the  smoke  move 
in  opposite  directions. 

The  stove  requires  charging  with  coke  once  only  during  24 
hours.  It  bums  at  a  uniform  rate  during  the  whole  time,  the 
rate  of  combustion  being  regulated  by  a  small  slide  which  limits 
the  admission  of  air.  A  drawing  of  this  stove  is  shown  as  one 
that  has  been  found  convenient  and  economical,  not  as  being  the 
only  suitable  one. 

The  principle  urged  for  adoption  is  that  of  admitting  to  the 
centre  of  the  house,  or  to  the  separate  rooms,  a  liberal  supply  of 
warm  filtered  air,  in  addition  to  the  usual  open  fires.  For  my 
part  I  use  gas  fires  as  being  clean  and  economical,  and  we  cook 
by  gas,  so  that  in  my  house  no  coke  smoke  is  made,  and  we 
contribute  no  impurity  to  the  atmosphere  beyond  carbonic  acid, 
the  sulphurous  acid  due  to  the  sulphur  of  the  coke.  This  is, 
however,  less  than  was  in  the  original  coal. 

If  all  would  conduct  their  house-warming  on  this  plan  our 
towns  would  light  up  as  with  the  smile  of  sunshine,  and  our  fogs 
when  they  come  would  pass  harmless  and  unstained  as  a  country 
mist. 
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XIX.  —  A  Set  of  New  Ring-off  InatrumetUs  for  Telephone 
Exchanges,  ^c.  By  D.  Sinclair,  Engineer,  NaliondL  Tele- 
phone Compcmy* 


[Reftd  before  the  Society,  16th  November,  1887.] 


Beforb  describing  the  new  indicator  which  is  before  you,  it  will 
be  necessary  for  me  to  explain  how  such  an  indicator  is  required 
in  Telephone  Exchange  work. 

As  you  are  aware,  it  is  the  function  of  an  Exchange  to  join,  as 
required,  any  two  of  the  wires  which  form  the  Exchange.  Each 
wire  in  the  Exchange  passes  through  an  ordinary  electro-magnet 
as  an  indicator,  and  in  some  of  the  older  systems  the  two  lines 
wishing  connection  were  joined,  having  both  indicators  in  circuit. 
In  the  later  and  better-arranged  Exchanges  the  two  indicators 
are  cut  out,  and  the  connecting  wire  has  an  indicator  in  its 
circuit;  thus,  only  one,  instead  of  two  indicators,  is  in  circuit 
while  the  subscribers  are  in  communication — an  arrangement 
which  improves  the  speaking  very  much. 

In  Telephone  Exchange  work  it  is  found  that  when  a  subscriber 
is  finished  with  a  conversation,  there  has  been,  up  to  the  present, 
no  proper  way  of  apprising  the  Exchange  when  he  is  finished, 
unless,  indeed,  in  some  towns  where  a  separate  wire  is  erected  to 
each  office  for  that  purpose. 

It  often  occurs  in  practice  that  a  subscriber  wishes  to  make  a 
series  of  calls  as  quickly  after  each  other  as  possible,  so  that  it  is 
important  that  the  exchange  be  got  in  each  case  immediately,  and, 
at  the  same  time,  that  the  party  who  has  been  finished  with  should 
not  be  further  troubled;  and  it  is  with  this  end  in  view  that  the 
instrument  before  you  has  been  designed. 

The  main  features  in  the  arrangement  are — 1st.  That  when  two 
subscribers  are  joined  together  they  can  ring  and  speak  to  each 
other  without  making  a  signal  of  any  kind  in  the  Exchange.  2nd. 
Either  of  the  subscribers  so  connected  can  cease  to  ring  each 
other  and  has  power  to  signal  the  Exchange,  at  the  same  time 
connecting  his  line  automatically  on  to  the  operator's  telephone, 
so  that  immediate  attention  is  secured  at  all  times.      Any  one 
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asking  for  and  obtaining  a  wrong  person  can  instantly  «nd  con- 
veniently get  disconnected  and  put  on  to  the  proper  party. 

Each  subscriber  is  provided  with  a  magneto  of  the  ordinary  kind 
in  use,  but  with  the  armature  of  the  instrument  commutated  and 
provided  with  a  switch,  wrought  either  as  a  two-way  or  as  a  push- 
button, as  in  the  instrument  now  exhibited.  When  a  subscriber 
rings  in  the  ordinary  way  he  sends  out  to  line  alteruate  currents, 
and  when  the  button  is  pushed  in  it  brings  the  commutator  into 
use  and  sends  out  to  line  a  continuous  current.  The  indicator  at 
the  Exchange  is  so  made  that  an  alternate  current  produces  no 
effect  upon  it  while  a  continuous  current  operates;  the  ordinary 
shutter  falls  and  is  employed  to  join  the  line  direct  to  the  operator's 
telephone. 

The  indicator  necessary  for  this  is  of  a  new  form,  and  is  made 
up  by  the  Western  Electric  Company  of  America  in  conjunction 
with  my  patent.  It  consists,  as  shown  on  Fig.  1,  Plate  VII.,  of  a 
solenoid  of  wire,  in  the  centre  of  which  an  upright,  a,  is  placed, 
having  a  magnetic  iron  beam,  bb,  pivoted,  so  that  a  continuous 
current  of  either  polarity  will  cause  it  to  swing.  Over  this  beam 
are  placed  two  prongs,  cc,  from  the  armature  spindle,  dd,  as 
shown  in  the  drawing. 

An  alternate  current  sent  through  the  solenoid,  J[f,  Fig.  2,  acts 
upon  both  ends  of  the  beam,  bb,  at  the  same  time,  and  consequently 
it  does  not  swing.  It  will  be  seen  that  the  beam  moving  in  either 
way  has  the  effect  of  lifting  the  armature  spindle^  ddf  and  releasing 
the  drop  of  the  indicator,  e. 

As  well  as  using  these  instruments  for  Exchange  purposes,  it  is 
intended  by  their  employment  to  make  one  wire  serve  for  two 
subscribers.  It  will  be  observed  that  by  placing  an  indicator  of 
this  kind  in  the  premises  of  the  first  subscriber  he  could  be  called 
with  a  continuous  current  which  would  not  affect  an.  ordinary 
magneto  bell  at  the  second  subscriber's  instrument;  and  the  second 
subscriber  could,  with  the  ordinary  magneto,  ring  the  Exchange 
without  interfering  with  the  first,  as  an  alternate  current  does  not 
act  upon  the  indicator.  An  arrangement  of  this  kind  would  be 
especially  useful  in  connecting  up  private  houses  or  other  places 
where  the  wire  is  not  used  very  frequently. 
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XX. — On  sonie  of  the  Social  aiid  Economical  Aspects  of  the  Land 
Question  in  Wales.  By  Henbt  Jones,  M.A.,  Professor 
of  Philosophy  in  the  University  College  of  North  Walea 


[Read  before  the  Economic  Science  Section,  5th  April,  1888.] 


It  is  not  inconceivable  that  the  first  effect  of  seeing  the  subject  of 
tonight's  lecture  will  be  to  induce  you  to  parody  the  words  of 
Hamlet  and  ask,  ^'  What  is  Wales  to  me,  or  I  to  Wales,  that  I 
should  weep  for  it?''  It  might  seem  that  your  economic  and 
political  wisdom  is  already  sufficiently  tried  by  your  crofters,  not 
to  say  anything  of  our  Irish  neighbours,  whose  problem  bids  fair 
to  rival  that  of  metaphysics  in  both  of  its  great  characteristics  of 
permanence  and  contentiousness.  But,  inasmuch  as  a  rumour  has 
gone  forth  that  Wales  is  seeking  to  tamper  with  the  principles  of 
existence  in  this  nether  world — namely,  thQ  laws  of  political 
economy  and  the  British  constitution,  the  politician  and  the 
economist  are  beginning  to  get  curious  about  it. 

It  is  not  altogether  flattering,  either  to  a  people  or  a  person,  to 
be  the  object  of  mere  curiosity,  but  it  is  on  the  whole  better  than 
to  be  entirely  ignored,  and  pai*ticularly  when  help  is  required. 
An  outsider,  knowing  that  nearly  all  the  greater  lights  in  politics 
have  of  late  gone  down  to  Wales  on  purpose  to  illumine  its  dark- 
ness, may  think  that,  so  far  from  being  ignored,  it  has  received 
attention  quite  out  of  proportion  to  its  magnitude.  And  so  it 
has — of  a  sort.  But,  unfortunately,  it  has  been  that  sort  of 
attention  which  Belgium  used  to  get  during  the  continental  wars. 
Wales  is  becoming  the  political  cockpit  of  Great  Britain.  The 
politicians  are  not  fighting  ybr  Walea  but  in  Wales.  They  go 
down  not  to  learn  but  to  teach,  and  the  majority  of  them  have 
paid  to  Wales  the  enormous  compliment  of  treating  it  as  if  its 
people  were  perfectly  altruistic  and  cared  for  everybody's  afEairs 
except  their  own;  for  they  speak  not  of  Wales  and  its  needs  but  of 
Ireland,  England,  and  Scotland,  and  Ireland,  Ireland,  and  Ireland. 
There    are    only  a  very  few  facts  about  Wales  of  which  the 
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ordinarj  English  politician  feels  certain.  Two  of  these  are : — Ist, 
That  Snowdon  is  its  highest  mountain ;  2nd,  That  it  is  inhabited 
by  a  very  good-natured  and  gullible  people  who  want  to  starve 
the  parsons.  As  it  is  not  for  me  to  deny  anything  that  may  seem 
to  anyone  to  redound  to  the  credit  of  my  native  land,  I  shall  make 
no  reference  to  the  first  of  these  facts,  and  only  state  of  the  second 
that  it  is  not  a  fact.  Welshmen  as  a  rule  only  want  the  parsons 
so  to  reduce  their  stipends  as  to  participate  to  some  degree  in  that 
more  general  starvation  which  threatens  the  community  and  with 
which  we  have  to  deal. 

Being  neither  a  professional  economist,  nor  (latia  Deo)  a  pro- 
fessional politician,  I  think  it  may  be  demanded  of  me  to  give  an 
account  of  the  social  and  economical  aspects  of  Welsh  life  which 
shall  be  neither  biassed  by  an  abstract  and  theoretical  point  of 
view,  nor  distorted  by  any  ulterior  ends.  Having  spent  all  my 
life  in  Wales — except  a  too  brief  period  during  which  I  was 
kneaded  at  Gilmorehill  into  my  present  intellectual  shape,  '4f 
shape  I  have ;"  having  lived  amongst  the  Welsh  masses  and  seen 
a  little  of  the  classes;  having  frequently  sat  at  the  farmer's  hearth 
and  ''heard  him  complain;"  and  having  also  occasionally  seen  the 
land  agent  sorely  puzzled  between  the  rival  claims  of  his  landlord's 
pocket  and  his  own  humanity,  certain  questions  connected  with 
the  land  have  been  pressed  upon  my  notice,  and  I  have  not  found 
it  easy  to  prevent  them  from  penetrating  inwards  and  disturbing 
the  placid  calm  of  the  mind  which  a  votary  of  philosophy  is 
supposed  to  possesa  In  fact,  I  have  come,  very  unwillingly,  to 
the  conclusion  that  unless  Wales  is  seen  to  more  carefully, 
studied  more  sympathetically,  and  helped  more  promptly,  the  evils 
that  are  working  within  it  will  issue  in  a  tragedy.  I  shall 
endeavour  to  state  in  a  simple  and  unstatistical  manner  the 
reasons  that  have  led  me  to  this  conclusion. 

The  first  of  these  lies  in  a  fact  which  neither  the  English  parlia- 
ment nor  Welshmen  can  help  :  it  is  that  the  Welsh  people  form  a 
distinct  nation,  though  not  an  independent  one  even  in  desire,  and 
that  it  is  a  small  nation.  Being  a  distinct  nation  in  a  fuller  sense 
of  the  word  than  even  Ireland  and  Scotland,  having  not  only  its 
own  racial  characteristics,  religious  instincts  and  habits,  literature 
and  past  history,  but  also,  unlike  Ireland  and  Scotland,  its  own 
living  language — separated,  in  fact,  from  the  English  nation  by 
every  one  of  the  great  elements  that  distinguish  nations  from  each 
other  (except  hatred  and  antagonism),  many  English  institutions 
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are  either  too  good  or  too  bad  for  the  Principalitj.*  Whether  they 
happen  to  be  too  good  or  too  bad  is  reallj  beside  the  qaestion,  as 
eTeiTone  will  acknowIeai?e  who  knows  anything  of  the  develop- 
ment of  the  character  of  either  a  people  or  a  person ;  for  all  alien 
ini>titations.  jost  because  ther  are  alien,  limit  the  development  of 
a  people,  make  demands  on  it  which  it  cannot  recognise  as  daties, 
aLti  tbtrrebv  instigate  the  strongest  spirits  of  snch  a  people  to 
assert  their  freedom  bj  force,  more  or  less  disgnised. 

Now  the  smailness  of  the  Welsh  nation  makes  it  very  difficult 
for  it  to  enforce  its  wants  in  a  constitutional  manner — a  difficulty 
which,  as  a  little  reflection  will  show,  must  increase  inversely  as 
the  magnitude  of  the  social  unit.  I,  for  one,  cannot  expect  the 
imperial  parliament  to  be  so  prompt  in  endeavouring  to  remedy 
the  evils  of  Wales  or  realise  its  ideals  as  those  of  England,  or 
Scotland,  or  Ireland,  for  the  sufficiently  cogent  reason  that  the 
legislature  is  only  an  imperfect  instrument,  just  as  the ''  Deity  ^  is  an 
Imperfect  Being  for  those  people  who  find  it  more  difficult  to  see 
the  divine  rule  in  the  fall  of  a  sparrow  than  in  the  courses  of  the 
stars.  Government  according  to  the  will  of  a  majority  is  only  a 
very  imperfect  weapon  of  national  freedom,  in  so  far  as  all  the 
wants  of  men  are  not  universal  wants.  A  highly  developed 
political  organism  is  a  many  in  one,  an  intense  unity  amidst 
real  differences ;  but  snch  an  organism  the  imperial  government 
is  not  as  yet,  except  perhaps  potentially. 

From  these  principles  it  seems  to  me  to  follow  that  there  must 
be  difficulties  in  the  way  of  dealing  justly  with  Wales,  the  smallest 
of  the  units  which  depend  upon  their  connection  with  £jigland  for 
the  most  permanent  and  important  elements  of  political  welfare. 
England  is  permanently  tempted  to  ignore  the  needs  of  Wales, 
and  Wales  is  permanently  tempted  to  make  use  of  more  or  less 
disguised  violence  in  order  to  reveal  and  emphasize  its  wants. 
But  violence,  however  constitutional  in  appearance,  is  a  very  dan* 
gerouB  weapon.  Even  if  Wales,  following  the  example  of  Ireland, 
were  to  globulate  its  twenty-eight  or  thirty  votes,  and  succeed  in 

*  This  is  in  my  opinion  the  reaaon  why  '*  Diflestablishment "  is  quite  a 
different  question  in  Wales  and  Scotland.  The  religion  imposed  by  the  State 
on  Wales  is  alien  in  form;  but  that  cannot  be  said  of  the  Scotch  Establishment. 
Episcopalianism  is  not  the  natural  expression  of  the  religious  instincts  of 
the  Welsh  people— perhaps  because  it  is  too  good  for  them,  perhaps  also 
because  they  distinguish  more  clearly  between  spirit  and  matter  than  the 
English  do. 
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securing  thereby  every  political  end  which  it  seeks,  it  would  have 
to  reckon  with  a  new  and  far  more  serious  difficulty  of  its  own 
creation — namely,  a  loosened  national  morality;  and  there  is  no  end 
which  justifies  a  people  in  running  into  arrears  with  morality. 
On  the  other  hand,  no  legislature  can  inflict  a  deeper  injustice 
on  a  people  than,  by  neglecting  its  demands,  to  force  it  into  a  choice 
between  abandoning  its  ideals  and  sacrificing  its  character  and 
respect  for  law.  And  this  is  certainly  done  to  Wales  by  the 
English  parliament.  Ever  since  1868,  when  political  life  in  Wales 
first  sprang  into  existence  in  modem  times,  the  Welsh  people  have 
demanded  the  disestablishraent  of  a  church  which,  whether  the 
best  or  the  worst  in  the  world,  it  certainly  does  not  want ;  they 
have  demanded  this  with  a  unanimity  and  persistence  to  which 
Ireland  can  offer  no  parallel ;  they  have  really  voted  at  the  elections 
on  no  other  issue,  for  it  is  Episcopalianism  and  dissent  that  mainly 
constitute  the  conservatism  and  liberalism  of  Wales;  and  they 
have  done  this  in  vain.  Or,  to  give  a  less  contentious  example, 
Wales  has  for  many  years  demanded  from  the  legislature  a 
system  of  secondary  schools,  the  means  of  better  education,  for 
which  it  is  willing  to  pay,  and  which  any  cultivated  people  ought 
at  this  time  of  day  to  be  prompt  to  grant,  even  to  eagerness,  but 
they  have  demanded  it  in  vain ;  even  the  relations  of  men  with 
their  deceased  wives'  sisters  yield  no  such  example  of  ineffective 
dalliance  as  the  promising,  introducing,  withdrawing,  improving, 
re-introducing,  and  re-withdrawing  of  the  Welsh  Intermediate 
Education  Bill.  Wales  is  small,  and  it  is  very  hard  for  it  not  to 
believe  that  it  must  brutalise  itself  and  become  Irish  in  order  to 
attract  the  attention  of  the  English  parliament;  and  if  it  does 
eventually  follow  the  footsteps  of  its  western  neighbour,  it  must 
not  be  forgotten  that  for  many  years  it  has  been  lashed  into  that 
course  by  the  indifference  of  the  English,  Scotch,  and  Irish 
politicians. 

There  is,  however,  one  conceivable  way  of  avoiding  this 
disastrous  issue  :  it  is  by  increased  energy  on  the  part  of  Wales  in 
making  known  its  condition,  and  by  increased  readiness  on  the 
part  of  the  imperial  parliament  to  be  instructed  with  regard  to 
the  Principality.  Welshmen  as  a  whole  do  know  what  they  want 
better  than  other  people  do,  but  they  should  recognise  that  it  is 
incumbent  upon  them  to  prove  to  the  English  parliament  that 
what  they  want  is  legitimate.  In  my  opinion,  ^*  Give  it  them 
because  they  want  it "  is  as  iniquitous  as  its  opposite,  ^*  Give  them 
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nothing  at  alL  or  nothing  except  that  which  we  ourselves  want.'' 
The  imperial  {jarliament  is  able  and  willing  to  consider  just 
claims,  although  the  willingness  is  rather  stolid  and  inarticulate, 
like  that  of  "  Mr.  Barkis.*'  What  is  required  is  more  discossion, 
more  light  on  Welsh  a£Oairs :  and  were  it  not  for  one  thing  we 
might  trust  this  peaceful  and  effective,  though  slow,  ]Nrooes& 

That  one  thing  is  that  Wales  cannot  easily  wait  for  this  slow 
process,  for  a  new  and  more  imperative  need  is  &st  pressing  into 
the  forefront  in  its  social  history  :  it  is  the  need  of  means  to  live 
on  the  part  of  the  agricultural  community  and  all  that  depends 
upon  it  in  the  Principality.  Wales,  no  doubt^  has  wonderfully 
strong  religious  and  educational  instincts,  but  the  instinct  for  food 
is  still  stronger  there,  as  elsewhere ;  and  unless  every  symptom  of 
agricultural  and  financial  distress  be  falsified,  it  is  noi  possible  for 
Wales  to  wait  so  long  for  legislative  reform  in  its  system  of  land 
tenure  as  it  has  done  for  reforms  in  these  other  matters^  The 
deafness  of  the  English  parliament  on  the  one  side  and  the  little- 
ness of  Wales  on  the  other  constitute  in  this  respect  the  elements 
of  a  real  tragedy.  A  community  always  poor,  as  compared  with 
the  similar  commimities  in  England  and  Scotland,  it  is  becoming 
much  poorer  year  by  year,  and  unless  it  gets  external  aid  it  cannot 
extricate  itself  out  o£  the  gravest  difficulty  into  which  any  people 
can  fall. 

What^  then,  is  the  state  of  Wales,  you  naturally  ask,  as  compared 
with  the  crofters,  or  the  Irish  tenants,  or  even  the  English 
farmers  ? 

This  question  it  is  my  duty  to  try  to  answer,  but  not  in  this 
form.  Not  in  this  form,  because,  in  the  first  place,  I  have  not  the 
adequate  information  to  make  a  comparative  statement;  and,  in  the 
second  place,  because,  if  I  had  such  information,  it  would  not  help 
me  or  you  to  form  a  true  opinion  of  the  Welsh  land  difficulty.  I 
wish  to  emphasise  this  point  in  passing,  because,  although  it  is 
frequently  admittted  in  theory,  it  is  generally  forgotten  in  practice 
that  every  economical  problem  ought  to  be  studied,  not  by 
reference  to  similar  economical  facts  elsewhere,  but  by  reference 
to  the  peculiar  character  and  social  conditions  of  the  particular 
people.  If  you  could  prove  complete  similarity  in  the  external 
conditions  of  existence  of  the  Welsh,  the  crofters,  the  Irish,  and 
the  Lowland  farmer,  you  would  not  be  able  merely  on  that 
account  to  pronounce  a  judgment  as  to  their  needs.  Dugald 
M'Tavish  and  John  Jones  may  be  equally  poor,  but  ii  they  are 
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different  in  character  the  one  may  be  crushed  by  his  poverty  while 
the  other  may  find  strength  in  it.  I  am  not  willing  to  say  that 
politics  and  economics  haye  no  fixed  principles ;  nor  is  the  English 
legislature  altogether  degraded  into  mere  opportunism — a  shuffling 
of  cards  by  an  old  hand.  But  the  principles  which  they  contain 
are  relative  not  only  to  human  nature  but  to  the  particular  forms 
which  it  assumes  amongst  different  nations,  and  which  are 
expressed  in  their  institutions.  Political  economy  is  not  the 
science  of  wealth,  but  one  of  the  sciences  of  man ;  it  is  the  science 
of  man  in  relation  to  the  satisfaction  of  his  needs  and  the 
expression  of  his  character  through  natural  products.  This  is 
recognised  by  the  modem  school  of  economists.  Unrestricted 
competition  is  not  now  credited  with  a  tendency  to  produce 
harmonies  except  at  a  certain  stage  in  the  development  of  a  com- 
munity. Its  value  is  relative.  It  may  be  the  very  best  thing 
possible  to  permit  the  lowland  Scotch  ^'  to  fight  it  out''  in  agriculture 
as  in  other  things ;  the  tenants  may  not  improbably  be  quite  able 
to  hold  their  own.  But  this  does  not  prove  that  legislative  inter- 
ference with  agricultural  contmcts  is  not  necessary  for  Wales,  or 
for  the  Irish.  Tenants  like  the  Scotch,  who  were  able  to  extort 
leases  from  their  landlords  during  the  '^  good  times,''  will  probably 
refuse  to  be  crushed  when  times  are  hard  ;  while  tenants  like  the 
majority  of  the  Welsh,  who  rented  their  farms  year  by  year  when 
produce  yearly  increased  in  value,  are  not  so  likely  to  enforce  their 
rights  during  bad  times.  The  question  of  legislative  interference 
with  unrestricted  competition  is  relative  to  the  character  as  well 
as  the  condition  of  the  parties  to  the  agricultural  contracts  in 
Wales,  Scotland,  Ireland,  and  England.  In  fact,  all  legislation  is 
thus  relative.  Its  task  is  to  let  every  people,  so  far  as  possible, 
realise  its  legitimate  needs  and  be  what  nature  has  intended  it  to 
be,  and  not  lay  it  on  any  Procrustean  bed,  even  though  that  bed 
be  adequate  to  the  burly  form  of  John  Bull. 

The  land  question  in  Wales  thus  seems  to  resolve  itself  into 
a  comparatively  simple  question  of  fact.  Are  the  landlords  and 
tenants  in  Wales  of  such  a  character,  and  placed  in  such  social 
circumstances,  a«  to  permit  them  without  external  interference  to 
secure  their  respective  rights  by  contract  ?  Is  the  rent  fixed  by  com- 
petition such  as  is  advantageous  to  both  parties  to  the  contract  1* 

*  I  do  not  wish  to  discuss  any  of  the  broader  and  more  revolutionary 
questions,  such  as  the  justice  of  paying  any  rent,  and  of  private  ownership 
in  land. 
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I  saj  "to  fj-izh  parties,"  because  h  is  erident  tbat  exoessiTe  rent 
will  lead  aliimatelT  to  robbing  the  soil  and  the  impoTerishment 
of  the  landlord  as  veil  as  the  tenant.  Now,  if  the  rent  is  eren 
proximatelj  just  as  fixed  by  competition,  then  it  would  be  positiTelj 
injarions  to  interfere  with  the  srstem,  for  although  the  collision  of 
private  interests  is  not  the  highest  conceiyable  fonn  of  oonunercial 
relationship,  still  it  lies  on  the  direct  road  of  national  development. 
It  secures  in  the  long  run  a  firmer  basis  for  social  welfare  than 
an  J  of  the  hasty  Socialisms,  which  are  so  greed j  for  quick  retoma 
as  to  deprive  individoals  of  their  means  of  independence  in  order 
to  prevent  injustice.  The  developed  State  will  consist  of  indivi- 
duals who  freelj  give  themselves  to  the  service  of  the  whole,  and 
who  therefore  have  selves  to  give ;  and  although  morality  ought 
not,  like  political  economy,  to  &il  to  distinguish  between 
[jersons  and  private  property,  still  private  property  is  a  condi- 
tion of  the  higher  freedom,  as  both  history  and  philosophy  can 
prove. 

But  in  order  to  secure  this  end,  the  contract  must  be  a  contract. 
It  must  not  be  legalised  coercion,  or  a  "  sweating  system,"  which 
adds  to  the  wealth  of  the  employer  of  labour  by  sapping  the 
foundations  of  industrial  success,  and  destroying  the  great  pro- 
ductive implement,  viz.,  the  human  worker,  as  well  as  the  social 
structure  which  he  upholds. 

Now,  I  hold  that  in  Wales,  taken  as  a  whole,  the  agricultural 
tenants  are  rapidly  sinking  into  such  a  state  that  the  contracts  which 
they  form  with  their  landlords  are  like  the  "  sweating  system,"  a 
species  of  immoral  contract,  which  legislative  recognition  cannot 
render  ultimately  valid. 

The  Welsh  tenants  (to  put  it  as  simply  as  possible),  owing  to 
the  action  of  peculiar  circumstances  upon  a  class  of  people  too 
weak  to  face  them  and  force  good  out  of  them,  have  undertaken 
to  pay,  and  continue  to  undertake  to  pay  as  rent,  more  than  it  is 
possible  for  them  to  pay.  I  say  explicitly  "  continue  to  undertake  f* 
for  it  is  well  known  that  in  the  Principality,  as  in  Ireland  some 
years  ago,  we  have  the  curious  phenomenon  of  the  keenest 
competition  amongst  tenants  for  vacant  holdings,  although  it  is 
at  the  same  time  recognised  that  similar  farms  let  on  similar 
terms  bring  annual  loss  to  their  occupiers.  This  is  one  of  the 
considerations  which  increase  the  difficulty  of  dealing  with  the 
matter.  It  prevents  the  landlords  from  recognising  the  seriousness 
of  the  aspect  of  agricultural  matters,  and  tempts  social  reformers 
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to  believe  that  there  is  no  way  of  stepping  between  such  tenants 
and  the  fate  they  deserve. 

But,  as  ah*eady  hinted,  it  is  the  incapacity  of  a  portion  of  the 
people  to  secure  their  own  welfare  and  that  of  those  who  depend 
upon  them  which  makes  it  imperative  on  the  legislature  to  step  in 
to  their  aid.  It  is  because  we  cannot  leave  the  crofters,  the  Irish 
tenants,  factory  children,  degraded  humanity  in  the  city  slums,  at 
the  mercy  of  the  positive  checks  of  natural  law,  that  we  form 
laws  of  our  own  for  their  protection,  while  we  leave  capable 
humanity  to  itself.  And  it  is  because  of  the  excessive  land 
hunger,  characteristic  of  the  Celts  in  Wales,  as  well  as  in  France, 
Ireland,  and  the  Highlands,  which  leads  the  tenants  to  bargain 
imprudently,  and  even  disastrously,  for  farms  that  external  help 
is  needed.  This  imprudence  of  the  Welsh  farmers  is,  in  fiEu;t^  an 
argument  against^  and  not  for,  leaving  rent  to  be  fixed  by  open 
competition. 

From  this  it  follows  that  the  force  of  the  demand  for  a  Welsh 
Land  Act  does  not  arise,  as  is  generally  taken  for  granted,  merely 
from  the  poverty  of  the  tenants,  but  from  the  more  general 
condition  of  the  agricultural  class  of  which  that  poverty  is  only 
a  result.  The  amount  of  poverty  is  not  a  measure  of  the  necessity 
or  justice  of  legislation,  but  of  the  immediaci/  of  the  demand.  It 
is,  comparatively  speaking,  a  matter  of  little  importance  that  the 
farmers  in  Wales  have  become  very  poor  and  are  annually 
becoming  poorer;  the  sting  of  the  evil  lies  in  the  fact  that  neither 
in  the  state  of  agriculture,  nor  in  the  character  of  the  Welsh 
tenants,  is  there  any  promise  of  ability  to  extricate  themselves  out 
of  difficulties  which  are  not  only  growing,  but  which  they 
themselves  increase,  voluntarily,  so  far  as  people  in  the  power 
of  circumstances  do  anything  voluntarily.  Let  me  illustrate  this 
point.  "When  times  were  favourable"  (says  the  author  of  the 
admirable  little  book  on  "The  Land  Question  and  a  Land  Bill 
with  special  reference  to  Wales  ")  "  the  Welsh  farmers  saved  money 
if  it  was  possible  to  do  so;  for  they  are  exceedingly  frugal,  and 
habitually  stint  themselves  to  a  degree  unknown  amongst  the 
same  class  in  England.  But  the  great  depression,  which  was  first 
severely  felt  in  1879  in  the  counties  where  the  farmers  depended 
mainly  upon  live  stock,  and  which  has  been  increasing  in  intensity 
year  by  year,  has  long  ago  swept  away  the  savings  of  a  large 
proportion  of  the  farming  community.  Even  in  Anglesey  this 
will  be  found  true,  although  there  the  condition  of  agriculture  is 
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as  favourable  to  the  fanner,  if  it  is  not  more  so,  than  it  is  in  any 
other  county  in  Wales.  But  the  evil  has  not  rested  with 
the  loss  of  the  savings  of  the  past.  During  the  last  three 
years  many  of  the  farmers  have  sunk  deeply  into  debt,  although 
not  with  the  landlords  as  a  rule;  for  the  Welsh  farmers  are 
so  timorous  in  their  dealings  with  the  landlords  as  a  rule  that 
in  order  to  pay  the  rents  they  have  had  recourse  to  methods 
as  unwise  as  they  are  desperate.  They  have  let  their  other 
debts  accumulate ;  they  have  borrowed  money  at  exorbitant 
interest;  they  have  reduced  their  stock;  they  have  taken  all  they 
can  out  of  the  land  and  put  in  as  little  as  possible;  they  have 
half-starved  themselves  and  their  families."  I  should  like  to 
emphasise  every  sentence  in  this  paragraph,  for  it  is  an  account  as 
true  as  it  is  graphic  of  the  condition  of  an  increasing  number  of 
Welsh  farmers.  Many  of  them  are  absolutely  poorer  than  the 
day  labourers  whom  they  employ;  some  of  them  live  on  such 
hard  fare  that  their  servants  refuse  to  continue  in  their  service. 
In  many  cases  you  can  measure  the  growth  of  their  poverty  by 
the  increasing  raggedness  of  their  clothing,  which  they  are  not  able 
to  renew.  I  could  tell  you  of  farms  where  parents  and  stalwart 
sons  and  strong  daughters  labour  hard  from  year  to  year  for  some- 
thing less  than  no  wages'  at  all.  The  oldest  and  wisest  men  in  the 
rural  districts  have  never  seen  the  country  so  poor.  There  are 
parishes  I  know  in  which  not  more  than  from  three  to  six  of  all 
the  tenants  are  able  to  pay  their  rents  without  having  recourse  to 
ruinous  loans.  The  village  blacksmith,  shoemaker,  tailor,  shop- 
keeper can  neither  get  paid  for  the  work  they  do  for  the  farmers — 
work  reduced  to  an  absolute  minimum — nor  can  they  do  without 
it.  A  country  tradesman  takes  a  bill  of  £6  or  £7  to  a  farmer, 
willing  to  pay  if  he  only  could,  and  must  content  himself  with 
present  payment  of  7s.  6d.  or  5s.,  with  promise  to  pay  more  "as 
soon  as  possible."  I  know,  of  course,  that  such  people  as  these 
ought  to  give  up  their  farms,  and  that  it  would  be  far  better  for 
most  of  them  to  become  farm  labourers;  but  it  is  well  known  on 
the  other  hand  with  what  ruinous  tenacity  people  cling  to  the 
semblance  of  a  respectable  position  rather  than  fall  into  a  lower 
social  status.  The  simple  fact  is  that  they  will  not  give  up  their 
farms  before  they^are  ruined,  for  to  give  up  farming  would  be  their 
ruin,  seeing  that  they  have  no  other  outlook  and  no  capital  to  put 
into  any  other  business;  nor  will  they  emigrate,  for  they  cannot; 
and,  worst  of  all,  they  will  not  combine  peaceably  so  as  to  create 
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a  will  sufficiently  strong  to  cope  with  that  of  the  landlord,  for  they 
are  too  timid.  They  cannot  save  themselves,  nor  can  they  confine 
the  ruin  which  their  weakness  creates  to  their  own  class.  The 
rural  districts  as  a  whole  are  travelling  fast  along  the  road  to 
squalid  poverty. 

Now,  it  is  naturally  asked  how  it  comes  about  that  the  owners 
of  the  soil  are  so  ignorant  of  their  own  interests  as  to  permit 
matters  to  come  to  this  pass.  And  this  will  lead  us  to  consider 
another  peculiar  aspect  of  Welsh  life  which  complicates  the  Welsh 
land  problem.  It  should  be  stated,  in  the  first  place,  that  there  is 
no  ground  for  the  opinion  that  the  owners  of  the  Welsh  soil  are 
worse  than  others  of  their  class  elsewhere  as  men ;  but  it  is  far 
more  difficult  for  them  to  do  their  duties  to  their  tenants  than  it 
is  for  Scotch  or  English  landlords.  I  can  go  farther,  and  say  that 
some  Welsh  landlords  have,  when  their  circumstances  are  con- 
sidered, dealt  generously  with  their  straitened  tenants.  But 
admitting  that  Welsh  landlords  are  as  good  as,  or,  if  you  will,  even  a 
little  better  than,  other  landlords — by  no  means  forgetting  the 
voluntary  reductions  and  remissions  of  rent  that  have  been  made, — 
it  must  still  be  said  that  the  Welsh  landlords  as  a  whole  cannot 
be  expected  to,  and  emphatically  will  not,  save  the  agricultural 
community  from  ruin.  The  main  reason  of  this  is  their  ignorance 
of  their  tenants'  affairs,  arising  from  the  practical  absenteeism  of 
a  great  number  of  them.  I  say  practical  absenteeism,  for  those  of 
them  that  live  in  the  country  have,  speaking  generally,  no  means  of 
directly  communicating  with  their  tenants ;  and  the  media  through 
which  communication  takes  place  are  often  distorting  to  a  degree 
which  is  both  disastrous  and  disgraceful.  I  believe  that  those 
who  know  Wales  best  would  all  agree  in  stating  that  the  most 
dangerous  feature  in  its  social  life  is  the  chasm  which  separates  it 
into  two  antagonistic  sections.  The  landlords  are  on  the  whole 
English  by  education,  sympathy,  speech,  form  of  religion,  and 
descent.  They  are  in  the  country,  and  not  of  it ;  they  live  on  it, 
and  not  for  it ;  their  rights  are  against  Welshmen,  their  duties  are 
towards  Englishmen.  Politics,  religion,  commercial  interests 
bring  the  two  classes  together,  but  only  to  collide.  Let  me  illustrate 
this,  for  I  think  it  of  first-rate  importance  to  a  real  undei'standing 
of  Wales  as  distinguished  from  Scotland  and  England. 

A  comparatively  new  phenomenon  has  recently  appeared  in 
the  Principality,  as  significant  as  it  is  interesting.  It  is  the 
sentiment  of  patriotism.     The  Welsh  are  very  rapidly  learning 
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to  take  pride  in,  and  to  be  affectiontealj  attached  to,  their 
own  country  and  its  institutions,  langoage,  and  literatore. 
You  may  think  that  both  the  pride  and  the  love  are  irrational, 
or  at  least  that  there  is  in  Wales  very  little  either  to  be 
proud  of  or  to  love.  It  may  be  go,  but  the  fact  remains; 
and  in  virtue  of  it,  as  well  as  of  the  curious  fact  that 
this  smallest  segment  of  the  Celtic  inhabitants  of  Great  Britain 
and  Ireland,  the  one  most  immediately  connected  with  England 
commercially  and  spatially,  has  retained  its  language,  while  Ire- 
land and  the  Highlands  have  lost  theirs,  a  new  force  has  been 
generated  with  which  the  legislature  must  ultimately  deal.  Now 
you  are  well  aware  that  love  for  Scotland  does  not  now  imply  hatred 
of  England,  and  that  the  British  Empire  may  well  be  "  an  organism 
of  organisms."  Such  is  certainly  the  case  in  Wales  also.  But 
whereas  every  Scotchman  worthy  of  the  name — be  he  Liberal  or 
Tor}'  in  politics,  whether  he  founds  his  religious  hopes  on  an 
Established  or  on  a  '*  Free"  church — clings  to  his  native  country 
as  his  own,  the  love  for  Wales  is  confined  almost  absolutely  to  the 
Liberals  and  Dissenters.  This  "  bit  of  sentiment,"  if  you  like  to 
call  it  so,  is  at  the  same  time  the  effect  of  past  antagonisms,  and 
destined  to  be  the  prolific  cause  of  future  one&  On  one  side  you 
have  got  a  landlord  class,  with  whom  the  Established  clergy  always 
go,  desirous  of  seeing  Wales  absorbed  in  England.  They  respect 
none  of  its  idiosyncracies ;  its  language  they  will  not  leam ;  its 
religious  sentiments  they  will  not  respect ;  its  political  aspirations, 
whether  for  a  better  education,  or  for  more  equitable  land 
laws,  they  seek  to  crush.  I  have  never  known  Wales  show  a 
united  front  on  any  question;  I  have  never  known  the  Established 
clergy  take  the  side  of  the  people.  The  two  classes  in  the  com- 
munity educate  their  children  in  different  schools;  they  deal 
with  different  shopkeepers;  their  social*  gatherings  are  mutually 
exclusive;  they  fight  in  two  compact  and  mutually  distrustful 
bodies  in  the  election  of  a  medical  officer  for  the  poor,  as  in  the 
election  of  a  parliamentary  representative.  This  antagonism  is 
too  often  carried  into  a  degrading  use  of  material  advantages  as 
means  to  religious  and  political  proselytism. 

No  one  can  deny  that,  taking  the  country  as  a  whole,  it  is 
easier  for  a  Churchman  and  Conservative  to  obtain  a  farm,  a 
factorship,  or  any  other  office  of  trust  than  it  is  for  a  Dissenter 
and  Liberal.  There  are  thousands  of  good  people  in  Wales 
who   are    forced    by  this  miserable   narrowness   of    the  upper 
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classes,  and  their  antagonism  to  everything  characteristically 
Welsh,  to  choose  between  their  means  of  livelihood  and  their 
political  and  religious  convictions.  The  inevitable  result  has 
been  to  weaken  the  moral  fibre  of  a  large  portion  of  the  Welsh 
community.  ItB  highest  yirtues  a«  passionate  enthusiasms  and 
not  a  persistent  sturdy  strength;  its  lowest  vices  are  those  of 
weakness,  sycophancy,  servility,  tale-bearing,  petty  lying.  To 
Wales  there  was  necessarily  left  from  the  past  the  legacy  of  a 
conquered  people;  but  there  has  been  an  unbroken  heritage  of 
authority  which  was  never  transmitted  from  English  dependents 
to  Welsh  leaders;  even  yet  the  native  Welshman  is  a  hewer  of 
wood  and  drawer  of  water  to  aristocratic  aliens — not  in  language 
and  religion  and  race  only,  for  that  is  nothing  by  itself,  could  it  go 
by  itself,  but  in  sympathy.  Because  the  landlord  class  have  cared 
so  little  for  Wales  so  long  as  they  obtained  from  it  their  rents; 
because  they  have  done  so  little  for  its  religion  except  in  the  way  of 
proselytism ;  because  they  have  done  hardly  anything — higher  up 
than  the  church  schools — to  foster  its  desire  and  improve  its  means 
for  higher  education;  because  they  have  never  entered  into  any 
of  its  national  aims,  they  have  made  themselves  incapable  of  under- 
standing what  is  best  in  Welsh  life,  they  have  withstood  the  realisa- 
tion of  its  best  aims  just  in  proportion  as  they  were  national  and 
therefore  not  altogether  English,  and  they  have,  in  consequence, 
willingly  or  unwillingly,  become  instruments  for  degrading  the 
Welsh  people  into  servility.  How,  for  instance,  are  we  to  account 
for  the  notorious  fact  that  Tory  agents  in  Wales  daring  general 
elections  so  over-estimate  the  chances  of  their  candidate,  while  the 
Liberal  agents  will  predict  beforehand  with  wondrous  accuracy  the 
number  of  votes  that  they  will  obtain]  "  It  is  because  the  Welsh- 
men are  liars,"  say  the  former.  "  It  is  because  they  dare  not  face 
the  consequences  which  the  aristocratic  class  have  taught  them  too 
well  to  fear,"  is  the  reply.  Respectable  farmers,  independent  in 
character  but  not  in  position,  are  compelled  to  remain  passive 
during  election  times,  and  to  take  no  public  part  in  contests  where 
their  dearest  convictions  are  involved,  and  when  every  instinct  of 
self-respect  urges  them  into  activity.  The  Welsh  farmer,  being 
nearly  always  a  yearly  tenant,  is  completely  dependent  upon  the 
favour  of  his  landlord.  He  knows  that  if  he  does  his  duty  and 
acts  a  manly  part  his  livelihood  is  in  danger;  and  the  agents,  sub- 
agents,  and  Tory  canvassers  are  not  slow  to  remind  him  of  this,  as 
well  as  of  the  advantages  that  would  accrue  to  him  if  he  took  his 
Vol.  XIX.  x 
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for  that  resistance  to  the  tithes  follows  the  path  of  the  deepest 
agricultural  distress,  and  goes  before  the  formation  of  district 
farmers'  clubs  and  a  kind  of  Welsh  league  ? 

It  is  a  pitiful  spectacle  this,  of  a  peaceful  people  moving  so 
surely  towards  bitter  intestine  conflict  and  social  disorder  from 
want  of  closer  union  and  the  good  understanding  which  comes 
from  mutual  sympathy  between  the  landlord  and  the  tenant 
classes.  And  it  seems  to  me  that  a  stronger  case  for  early  legisla- 
tive help  can  scarcely  be  conceived. 

It  has  not  been  a  pleasing  task  for  me  to  expose  the  wounds  of 
my  native  land.  It  would  have  been  much  more  agreeable  to  speak 
of  the  attractive  elements  in  the  Welsh  character ;  its  artistic  ten- 
dencies, its  gentleness,  its  kindness,  its  idealistic  traits,  on  which 
Mr.  Matthew  Arnold  used  to  dwell.  The  Celt  is  always  prone  to 
sniff  the  air  rather  than  deal  stubbornly  with  hard  matter  in  the 
material  downright  spirit  of  an  Englishman.  He  has  not  the 
strong  back  and  the  rigid  utilitarianism  of  the  Scotchman,  but  he 
has  a  susceptibility  to  education  and  a  love  of  poetry  and  music 
which  I  think  you  cannot  rival.  And  if  England  and  Scotland 
could  but  avert  the  danger  that  comes  from  the  material  side,  and 
help  Wales  to  realise  the  type  that  is  written  in  its  blood  by 
removing  the  ills  against  which  it  is  too  weak  to  battle,  I  can 
easily  conceive  it  as  repaying  the  empire  by  a  service,  humbler  in 
degree,  but  not  different  in  kind  from  that  which  Greece  gave  to 
Rome.  But  it  is  hard  for  a  Welshman  to  escape  the  illusions 
that  rise  from  his  blood,  and  it  is  better,  perhaps,  to  appeal  for 
help  to  Wales  on  the  ground  of  simple  justice  and  the  hardest 
commercial  utility,  than  on  the  promise  of  any  ideal  repayment  in 
the  future. 
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^  rKZ-eij  tl  i  e— il  '-r  <?j^:  1  .i2ij:Lj  a  csew  Bi:ik  witii  such  ample 
^^^^  *^  w:-uli  zi-re  :LLirersil  cTiLiiien:^,  ard  tiias  induce  a  free 
CLr.:i^i-:::n  in  everx  part  ct  the  United  States.  Tbe  resolt  was 
tLe  Licoricriiiza  ct  tie  BAni  of  tie  Unit^fd  Slates  in  1S16— 
capita:  -*0.:».»:.:-:o.  of  wll.-h  ^7.>:0,'>  »  was  snbecribed  bj  the 
L  ixized  ^:at€s.  who  nomiiLatcG  dve  oat  of  the  iwenty-fiTe  Diiectois 
composing  tie  Board.  In  1530  the  dnmlation  wiJs  $16,083,894, 
and  the  specie  in  hand  $9,043,74S.  MiTuUoch,  writing  in  1831, 
■ajB,  « The  establishment  of  the  Bank  of  the  United  States  has 
been  of  material  service  bv  affording  a  correncj  of  nndoabtod 
solidity  readily  accepted  in  aU  parts  of  the  Fni«i." 

In  the  year  following,  General  Jackson,  the  President^  Tetoed 
the  Act  renewing  the  Charter.  This  was  foUowed  by  an  excessive 
"wue  of  notes  by  old  bonks,  and  also  by  new  banks,  which  spnmg 
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up  in  almost  every  village.  The  effect  is  thus  described : — 
"  When  there  are  so  manj  separate  and  independent  banks  (1,400) 
the  sphere  of  the  influence  and  circulation  o£  each  is  necessarily 
circumscribed,  and  when  notes  get  to  a  distance  from  the  place 
where  they  were  issued,  especially  when  they  get  into  a  different 
State,  they  circulate  with  difficulty  and  generally  at  a  discount. 
Lists  of  banks  are  published  with  the  rates  of  discount  at  which 
their  notes  are  current,  without  which  no  traveller  can  leave  his 
home  and  no  shopkeeper  can  venture  to  transact  his  business." 
Combe,  writing  in  1839,  says : — "  Working  men  also  complain  of 
another  grievanca  There  is  no  arrangement  by  distant  banks  for 
redeeming  their  currency  in  Philadelphia,  and  in  consequence  their 
notes  are  not  received  by  the  banks  of  this  city.  The  only  way 
of  disposing  of  them  is  to  carry  them  to  the  exchange  brokers, 
who  buy  them  at  a  discount  corresponding  to  the  distance  and 
difficulties  of  sending  them  to  their  own  head-quarters  and  of 
obtaining  Philadelphia  money  in  return.  Workmen  complain 
that  their  masters  buy  up  these  notes  at  a  discount  and  pay  them 
over  to  them  at  par." 

It  is  told  of  a  Scotch  merchant  in  Chicago  of  considerable  wealth, 
that  he  much  increased  it  by  starting  a  bank  in  an  obscure  village 
in  one  of  the  Southern  States,  and  taking  its  notes  to  Chicago  and 
putting  them  into  circulation  there — he  being  always  willing  to 
redeem  them  at  a  reasonable  discount. 

In  1861,  at  the  commencement  of  the  Civil  War,  it  is  estimated 
that  there  were  $200,000,000  of  bank  notes  in  circulation,  of 
which  $150,000,000  were  issued  by  banks  in  the  loyal  States. 
The  necessities  of  the  war  early  compelled  the  Government  to 
borrow  $50,000,000  from  the  New  York  banks,  against  which 
they  issued  "Demand  Notes,"  which  were  not  at  first  a  legal 
tender.  (Outstanding  at  30tb  June,  1886,  $57,445.)  In  1862 
an  Act  of  Congress  authorised  the  issue  of  $150,000,000 
Treasury  Notes,  which  were  declared  to  be  a  legal  tender,  except 
for  customs  and  interest  on  the  national  debt.  The  next  year  an 
Act  was  passed  "  to  provide  a  national  currency  by  a  pledge  of 
United  States  Stocks,  and  to  provide  for  the  circulation  and 
redemption  thereof.''  By  this  Act  a  company  of  not  less  than 
five  persons,  on  satisfying  the  Comptroller  of  Currency  of  certain 
requirements  as  to  capital,  and  on  forwarding  an  amount  of 
United  States  Bonds  to  the  Treasury,  received  in  exchange 
"  currency  circulating  notes  "  to  the  extent  of  90  per  cent,  of  the 
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bonda  The  tax  on  thia  bank  was  fixed  at  I  per  cent.,  and  a  tax 
of  10  per  cent,  was  put  on  the  isBae  of  all  other  banks.  The 
natural  oonaequenoe  was  that  all  the  erJHting  bank*  issuing  paper 
money  became  National  Banks,  and  the  currency  over  the  whole 
States  became  uniform.  The  limit  of  notes  issued  under  this  Act 
was  $300,000,000.  As  long  as  the  rate  of  interest  on  the  bonds 
continued  high  (6  per  cent)  the  business  was  very  profitable  to 
the  banks,  but  now  that  the  interest  has  been  reduced  to  3  per 
cent.,  they  find  it  no  longer  profitable,  and  a  gradual  redemption 
of  the  notes  is  going  on.  At  21st  January,  1888,  there  were 
in  the  Treasury  $7,024,551  notes  of  the  National  Banks  in  process 
of  redemption.  At  1st  January  the  United  States  Treasury  had 
been  paid  *'  lawful  money  "  to  I'edeem  National  Bank  notes  which 
were  not  yet  presented — 

From  banks  reducing,  -  $45,452,211 

„         „      liquidating,        -  55,418,563 

„     Security  from  banks  failed,  -  1,037,882 

$101,908,656 


The  annual  percentage  of  redemption  is  25*22,  so  that  it  will  be 
four  years  before  these  notes  are  all  out  of  circulation.  There  has 
been  no  default  by  a  National  Bank  in  payment  of  their  notes — 
the  bonds  deposited  by  those  who  failed  in  1873  covering  the 
notes  issued  by  them.  During  the  war  the  States  continued  the 
issue  of  Treasury  "Demand  Notes,"  which  in  1864  amounted  to 
$447,300,203.  (In  circulation  January,  1888,  $346,738,120.) 
These  bear  that  the  United  States  will  pay  "Bearer  Five 
Dollars,*'  and  are  endorsed,  "  This  note  is  a  legal  tender  at  its  face 
value  for  all  debts,  public  and  private,  except  duties  on  imports, 
and  interest  on  the  public  debt." 

In  1873  gold  was  declared  to  be  the  standard,  and  specie 
puyineiits  were  resumed.  A  question  now  arose  whether  the 
Tn^iHury,  after  they  had  redeemed  the  legal  tender  notes  in 
golJ,  could  reissue  them,  and  the  question  was  tried  before  the 
SupiHtme  Court  Their  decision  seemed  to  be  that  Congress  had 
ho  piiwor  to  authorise  the  issue  by  the  Treasury  of  notes,  even 
if  imval>le  in  gold  on  demand,  but  they  held  that  the  reissue  of 
iMitiJ  authorised  by  the  Acts  of  1863  was  lawful,  being  only  a 
^Uliumiiim  of  an  Act  forced  on  the  nation  by  the  Civil  War. 
^  ikiittM,  thewluxe,  bear  on  their  &ce  a  reference  to  the  Act 
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under  which  they  were  first  issued,  a  note  issued  in  1880  having 
marked  on  it,  at  the  side,  "Act  of  March  3rd,  1863." 

In  1878  what  is  called  the  Bland  Bill  was  passed,  at  the 
instance  of  "the  Silver  Ring  of  the  West,"  which  directed  the 
Treasury  to  purchase  silver  to  the  extent  of  from  $2,000,000  up 
to  $4,000,000  worth  per  month,  to  coin  it  into  silver  dollars,  and 
to  issue  Certificates  for  the  amount  of  dollars  coined.  Originally 
these  Certificates  were  not  to  be  of  less  amount  than  $20,  but 
recently  the  denomination  or  limit  has  been  reduced  to  $1. 

The  Certificate  is  as  follows : — 

"  This  certifies 

"  that  there  has  been  deposited  in  the  Treasury  of  the  United 

"States 

"  One  Silver  Dollar, 

"  Payable  to  Bearer  on  Demand," 

and  is  endorsed — 

"  United  States  Silver  Certificate." 

"  This  Certificate  is  receivable  for  Customs,  Taxes,  and  all  Public 

"  Dues,  and  when  so  received  may  be  reissued." 

It  has  been  said  that  this  Certificate  is  a  legal  tender,  but  I 
think  that  is  doubtful.  The  endorsement  on  the  Treasury  Note 
declares  it  to  be  a  legal  tender  "  except  for  customs  and  interest 
on  the  public  debt;"  on  the  Certificate  there  is  no  declaration 
that  it  is  a  legal  tender,  but  one  only  to  the  efiect  that  it  is  to  be 
"  receivable  for  customs,"  (fee,  which  the  note  is  not.  Whether  the 
Certificates  are  a  legal  tender  or  not,  they  circulate  freely  at  the 
par  value,  although  if  they  represent  merely  one  dollar  in  silver 
they  are  worth  only  70  cents.  Prior  to  the  passing  of  the  Bland 
Bill,  the  parties  who  promoted  it  had  a  Bill  passed  directing  the 
coining  by  the  Treasury  of  what  is  called  a  "  Trade  Dollar,"  that 
is  to  say,  a  dollar  of  the  exact  weight  and  fineness  of  the  Mexican 
dollar,  which  it  was  hoped  could  be  exported  to  China;  but,  unfor- 
tunately, the  Chinaman  would  not  have  it,  and  "  Trade  Dollars  " 
remain  in  hand  to  the  amount  of  $6,695,000.  Some  years  ago  a 
considerable  number  of  these  were  in  circulation,  and  were  a 
source  of  annoyance  to  strangers  who  innocently  took  them  as 
change,  and  found  they  could  only  be  passed  for  70  cents. 

This  "Trade  Dollar"  is  by  weight  of  silver  worth  almost  eight 
cents  more  than  the  currency  dollar,  and  the  market  price  at 
present  is  74  cents;  so  that  for  $740  Silver  Certificates  you  can 
purchase  1,000  dollars  of  superior  value. 
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were  outstanding  at  21st  January,  the  gold  coin  and  bullion  being 
1306,203,459. 

If  doubt  were  in  the  least  felt  as  to  the  Silver  Certificates  it 
would  appear  in  the  payment  of  the*  Custom  duties,  but  if  we 
take  the  duties  in  New  York,  amounting  to  $718,000 

we  find  these  were  paid  in — 

Gold,  ...        -        $4,000 

Notes,        ...        -        45,000 

Gk)ld  Certificates,  -      566,000 

Silver  Certificates,       -        -       103,000 

$718,000 


If  the  payments  had  been  made  in  the  proportion  in  which  the 
Gold  and  Silver  Certificates  were  outstanding,  there  would  have 
been  paid  in  gold  $243,705,  and  in  silver  $425,295. 

The  paper  money  in  circulation  at  January,   1888,  was  as 
follows : — 

National  Bank  Notes,  -        -        -  $267,051,662 

„           „     Gold  Notes,-        -  227,734 
United  States  Demand  and  Legal 

Tender  Notes,  ...        -  346,738,121 

Gold  Certificates,  -         -         -         -  96,734,057 

Silver  Certificates,        -                 -  176,855,483 


Total  Paper  Money,  -         -      $887,607,057 

But,  as  I  have  already  stated,  the  Treasury  holds  $100,908,656  of 
cash  to  redeem  National  Bank  notes,  and  as  this  will  take  about 
four  years  to  accomplish,  the  void  in  the  circulation  may  be  filled 
by  the  Silver  Certificates,  and  a  crisis  postponed.  But  who  must 
ultimately  bear  the  loss  of  the  difference  between  the  face  value  of 
the  Certificate  and  the  gold  value  ?  The  United  States  would  say 
that  they  were  not  Kable,  as  they  only  agreed  to  deliver  what  was 
deposited  with  them,  a  standard  silver  dollar;  but,  if  it  ever 
comes  to  a  depreciation  of  the  Silver  Certificates,  from  so  many 
being  interested  (in  fact  everyone  in  the  States  would  hold  them), 
the  Congress  would  take  them  over  at  gold  value.  But  what 
would  be  done  for  the  want  of  currency  ?  The  people  prefer  notes 
to  gold;  and  the  silver  dollar  they  won't  have,  although  quite 
wilUng  to  take  the  Certificata 
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XXII. — On  an  Improved  /arm  of  SeiowtogrmpL     Bj  Thomas 

Geat,  B.Sc,  F.iL&& 


[Read  before  the  Society,  22iid  Febrnaiy,  188&] 


L — Geksral  DESCEipnoH. 

The  iiutrainent  which  I  have  now  the  pleasure  of  exhibiting 
to  this  Society  has  been  gradnallj  developed  from  one  of  a  similar 
kind  which  I  exhibited  here  about  five  years  ago.  This  instrument 
differs  in  almost  all  its  details  from  the  one  then  exhibited^  but 
the  pendulums  which  actuate  the  recording  pens  are  the  same  in 
principle  as  those  which  were  then  used  The  record  of  the 
motions  of  the  earth  during  the  transit  of  an  earthquake  are 
obtained  in  the  form  of  three  rectangular  components.  Two  of 
these  components  sre  horizontal  and  the  third  vertical 

The  horizontal  components  are  recorded  by  means  of  two 
pendulums  which  consist  of  a  mass,  A,  Figs.  1  and  2,  Plate  YIIL, 
fixed  to  a  rigid  rod,  B,  the  end  of  which  terminates  in  a  vertical 
knife-edge  and  rests  on  the  bottom  of  a  flat  steel  V-groove,  C,  fixed 
to  the  pillar,  D.  The  weight  of  the  mass,  A,  and  the  rod,  B,  is  sup- 
ported by  a  steel  wire,  E,  attached  at  its  lower  end  to  a  stirrup,  F, 
forming  part  of  the  mass,  and  at  its  upper  end  to  a  small  drum, 
G,  which  can  be  turned  by  means  of  a  worm-and-pinion,  so  as  to 
adjust  the  level  of  the  rod,  B,  until  the  knife-edge  rests  fairly  on 
the  bottom  of  the  groove,  C.  The  wire,  £,  passes  over  a  V-puUey, 
H,  before  it  reaches  the  drum,  G,  and  this  pulley  is  mounted  on  a 
spindle  which  can  be  screwed  backwards  or  forwards  in  the 
direction  of  its  length,  so  as  to  adjust  the  position  of  the  puUej 
until  the  top  of  the  wire  is  vertically  above  the  groove,  C.  The 
mass,  A,  can  be  moved  to  any  position  on  the  rod,  B,  and  by  this 
means  the  sensibility  of  the  instrument  can  be  varied  to  suit  the 
motions  most  prevalent  in  the  district  where  it  is  being  used. 
When  the  mass,  A,  is  used  very  near  to  the  knife-edge  at  0  the 
for(}e  holding  the  knife-edge  against  the  bottom  of  the  groove  is 
Stfiall,  and,  to  avoid  any  chance  of  its  being  thrown  out  of  contact 
'7  ths  sliaking,  a  spring,  I,  Fig.  1,  is  connected  by  hooks  between 
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a  stud  attached  to  the  rod  and  a  knife-edged  eye  attached  to  the 
pillar.  In  some  of  the  later  instraments  this  spring  is  kept 
continuously  in  position,  the  stud  being  fired  a  little  to  one  side 
of  the  rod,  B,  and  a  screw  adjustment  adapted  to  the  knife-edge, 
BO  that  by  altering  the  pull  on  the  spring  the  aEimuih  of  the  rod, 
B,  can  be  adjusted.  When  this  mode  of  adjustment  is  adopted 
two  pillars,  D,  are  fixed  to  the  sole-plate  at  diagonaUy  opposite 
comers,  and  the  free  ends  of  the  rods,  B,  with  the  masses,  A, 
nearly  meet  at  the  comer  occupied  in  this  instrument  by  the 
pillar.  A  somewhat  simpler  form  of  attachment  can  then  be  used 
on  the  top  of  the  pillar,  and  the  relative  motion  of  the  mass,  A, 
and  the  earth,  is  transmitted  to  the  writing  pens  by  means  of  fine 
wires  kept  taut  by  light  springs,  the  forces  of  which  balance  the 
pulls  of  the  springs,  I.  The  connection  between  the  rod,  B,  and 
the  writing  pens,  in  the  form  here  shown,  consists  of  a  light  tubular 
rod,  L,  which  is  hinged  near  the  knife-edge  end  of  the  rod,  so  as  to 
turn  in  a  plane,  making  an  angle  of  about  45'  with  the  plane  of 
the  deflected  pendulum.  On  the  free  end  of  this  connecting-rod  a 
steel  cone  is  soldered,  which  passes  over  a  needle-point  forming 
part  of  a  small  block  which  can  be  slid  up  and  down  the  yertical 
arm  of  the  bell-crank  shaped  levers  to  which  the  siphon  pens  are 
attached.  By  sliding  this  block  up  or  down  the  ratio  of  the  mag- 
nitude of  the  record  to  that  of  the  actual  motion  can  be  changed. 
The  sensibility  of  the  instrument  to  horizontal  motion  can  thus  be 
changed  either  by  changing  the  position  of  the  mass,  A,  on  the 
rod,  B,  or  by  changing  the  position  of  the  needle-point  on  the 
yertical  arm  of  the  siphon  lever.  Excessive  deflection  of  these 
horizontal-motion  pendulums  is  prevented  by  Y-shaped  guards 
fixed  to  vertical  rods,  which  slide  in  the  pillars,  MM,  and  which,  by 
varying  their  height,  can  be  adjusted  to  give  any  desired  range  of 
motion  to  the  rods,  B. 

The  vertical  component  apparatus  consists  of  a  cylindrical  mass, 
N,  adjustably  fixed  to  a  rod,  O,  which  is  supported  in  a  horizontal 
position  by  means  of  two  fiat  springs,  PP,  and  an  axis  formed  by 
two  knife-edges,  Q,  which  rest  against  the  top  of  two  A-grooves. 
The  springs,  PP,  are  of  uniform  thickness,  but  are  of  such  a  breadth 
at  different  points  of  their  length,  that  when  supporting  the  weight 
of  the  lever,  O,  and  the  mass,  N,  they  bend  approximately  into  a 
^.Ircular  form.  They  are  attached  at  their  lower  ends  to  blocks, 
RR,  fixed  to  the  pillars,  SS,  and  at  their  upper  ends  they  support 
the  lever  through  a  series  of  knife-edged  hooks  designed  to  give 
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stability  and  small  friction.  The  quality  of  the  knife-edges  on 
the  cross  bar,  T,  which  forms  part  of  the  lever,  and  at  the  points 
of  attachment  of  the  supporting  springs  is  important,  as,  if  they 
are  bad,  they  may  cause  the  lever  to  vibrate  with  a  comparatively 
short  period  for  oscillations  of  very  small  amplitude.  In  order  to 
render  the  free  period  of  oscillation  of  this  horizontal  lever  long 
enough  to  prevent  any  disturbance  in  the  record  due  to  oscillations 
of  the  recording  lever,  the  point  of  attachment  of  the  springs  to 
the  lever  is  placed  between  the  mass,  N,  and  the  line  of  the  knife 
edges.  The  effect  of  this  arrangement  in  lengthening  the  period 
will  be  understood  from  the  following  simple  case,  which  is  near 
enough  the  same  as  that  adopted  in  practice.  Suppose  the  lever 
to  be  rigid  and  massless,  and  the  moment  of  inertia  of  the  mass, 
N,  round  the  axis  of  the  lever  to  be  simply  N  x  ^^  where  I  is  the 
distance  of  the  centre  of  gravity  of  the  mass  from  the  axia  Let 
also  I  be  the  distance  between  the  point  of  attachment  of  the 
spring  and  the  axis,  L  <^  the  couple  required  to  turn  the  lever 
through  the  angle  ^  supposed  small,  and  fi  the  moment  of  inertia 
of  the  mass,  N,  round  the  axis  of  the  lever.  Then  the  equation  of 
motion  is — 

dt«  fjL 

or  if  T  be  the  period  of  oscillation — 

T  =  2ir^-P- 

Now,  as  Z  is  increased  and  N  diminished,  the  product  remaining  the 
same,  we  have  N  Z  =  constant,  =  0  suppose,  and  /a  =  N  Z* 

=  CZ. 

CI 
Hence  T*  =  4  ir* — j-  ,  or  the  period  increases  as  the  square  root 

of  I  increases.  By  the  arrangement  of  springs  adopted  in  the 
instrument  the  couple,  L,  is  made  small,  and  the  length  moderately 
great,  while  still  retaining  moderate  dimensions  for  the  apparatus, 
which  is  the  chief  object  in  view.  In  order  to  still  further  lengthen 
the  period  of  oscillation  two  spiral  springs,  U,  the  lower  ends  of 
which  are  attached  to  adjusting  screws,  Y,  near  the  bottom  of  the 
pillars,  S,  are  hooked  to  two  eyes  in  the  ends  of  the  cross  bar, 
Wy  which  is  vertically  above  the  line  of  the  knife  edges,  and  at 
an  adjustable  distance  from  them.  The  effect  of  these  springs  is, 
as  it  were,  to  add  negative  stability  to  the  arrangement.  Suppose 
the  lever  to  be  deflected  downwards,  then  the  line  of  action  of  the 
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spiral  springs  comes  in  front  of  the  axis,  and  they  introduce  a 
couple  tending  to  increase  the  deflection,  and  similarly  when  the 
lever  is  deflected  upwards  they  introduce  a  oonple  tending  to 
increase  the  upward  deflection.  Hence,  if  the  pull  on  these 
springs  and  their  points  of  application  be  properly  adjusted,  the 
lever  will  be  in  nearly  neutral  equilibrium,  that  is,  the  period  of 
free  oscillation  will  be  very  long.  Let  the  modulus  of  the  sup- 
porting springs  be  M,  and  the  arm  at  which  it  acts  a ;  let  the 
modulus  of  the  compensating  spiral  springs  be  Mi,  and  the  height 
of  their  points  of  attachment  above  the  axis  of  the  lever  Oi.  Then 
for  a  deflection  of  the  lever  equal  to  </»  we  have,  on  the  supposition 
that  the  lengths  of  the  compensating  springs  and  links  are  great 
compared  with  a,,  for  tho  return  couple,  M  a^  cos  ^  sin  <^  —  M, 
a^  cos  ^  sin  <^  Ml  6  sin  <^,  where  6  X  Oj  is  the  total  elongation  of  the 
spiral  spring  when  the  lever  is  horizontal.  Now,  in  order  to  obtain 
perfect  compensation,  the  rate  of  variation  of  the  compensating 
couple  must  be  the  same  as  that  of  the  supporting  coupla  Hence 
we  must  have  M^  b  sin  ^  =  O,  or  the  total  elongation  of  the 
spring  must  be  O].  The  distance  o^  is  made  adjustable  so  that 
M  a  may  be  made  equal  to  M^  Oi  if  desired. 

The  record-receiving  surface  consists  of  a  band  of  thin  printing 
paper,  which  is  held  on  a  supply  drum,  shown  at  X.  From  this 
drum  the  paper  passes  round  a  cylinder,  Y,  Fig.  2,  which  is  in  gear 
with  the  clockwork  train,  and  thus  governs  the  speed  at  which  the 
paper  is  fed  forward.  It  is  then  wound  up  on  a  haul-ofl*  drum,  Z, 
Fig.  2,  which  is  turned  by  a  separate  train  of  wheel  work  actuated 
by  a  weight.  This  arrangement  avoids  all  trouble  with  regard  to 
change  of  the  speed  of  the  paper,  in  consequence  of  the  increasing 
thickness  of  the  drum  on  which  it  is  being  wound.  The  rate  at 
which  the  cylinder,  Y,  is  kept  turning  is  under  ordinary  circum- 
stances about  half  an  inch  per  minute.  This  is  sufficient  to  give  the 
time  of  occurrence  of  any  disturbance  with  sufficient  accuracy,  and 
is  still  slow  enough  to  allow  one  roll  of  paper  to  last  for  several 
day&  After  the  paper  runs  through,  the  supply  and  haul-off  drums 
are  interchanged,  and  the  paper  allowed  to  run  back  agaiu,  writing 
on  the  other  side.  This  may  be  repeated  several  times  with  one 
roll  of  paper  without  producing  any  confusion  in  the  record  should 
an  earthquake  occur.  Four  record  lines  are  written  on  this  paper 
at  one  time.  The  top  one  of  these  records  gives  the  vertical  com- 
ponent of  the  motion ;  it  is  written  by  means  of  a  glass  siphon 
which  is  fixed  to  the  lever,  Ai,  with  wax.     The  siphon  draws  ink 
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from  the  ink  well,  B|,  and  the  motionB  of  the  lever  are  oontroOed 
by  the  mass^  N,  to  the  sapporting  lever  of  which  it  is  connected 
bj  a  fine  wire  or  cord,  Ci  and  a  croB  bar,  D,.  The  next  two  lines 
of  record  correspond  to  the  two  horiiontal  components  of  the 
motion.  They  are  written  by  siphons  fixed  to  the  horizontal  arm 
of  the  cranked  leverB,  £1]  and  F,,  and  draw  ink  from  the  ink  wells, 
G,  and  H|  reflectively.  The  motions  of  these  levers  are  controlled 
by  the  masHes,  A,  to  which  they  are  connected  by  light  connecting- 
rods  hinged  to  the  strata 

The  lowest  record  line  gives  the  time,  and  it  is  controlled  by 
means  of  the  clock.  It,  which  is  arranged  by  means  of  a  system  of 
levers,  Ulastrated  diagrammatically  in  Fig.  3,  to  mark  every  ^ve 
minntes  and  every  hour  on  the  pi^r,  while  the  speed  is  about  the 
normal  amount,  and  to  mark  quarter  seconds  when  the  speed  is 
increased  at  the  time  of  an  earthquaka  The  siphon  lever  is 
represented  at  Ji,  and  is  hung  by  two  connectiDg-rods,  K|,  L|,  the 
upper  ends  of  which  are  respectively  pivoted  to  two  levers,  Mj,  N^. 
The  lever,  M„  is  pivoted  at  O^,  and  its  point  rests  lightly  against 
the  edge  of  the  wheel,  Pi,  which  is  fixed  on  the  end  of  the  hour 
spindle  of  the  dock.  As  the  wheel  turns  round,  the  end  of  the 
lever  (and  consequently  the  point  of  the  siphon)  is  raised  every 
five  minutes  by  the  teeth  on  the  edge  of  the  wheel,  and  it  is  raised 
twice  by  means  of  a  double  tooth  at  the  end  of  the  hour.  This 
records  the  five  minutes  and  the  hour  intervals.  At  the  time  of 
an  earthquake  the  ball,  Qi,  rolls  forward  on  to  the  end  of  the  lever, 
R,,  and  thus  lowers  the  left-hand  end  of  the  lever,  Si,  and  allows 
the  point  of  the  lever,  Ni,  to  touch  the  edge  of  the  wheel,  X7|,  which 
is  fixed  to  the  minutes  spindle  of  the  clock.  At  each  beat  of  the 
clock  the  point  of  the  lever,  Ni,  is  slightly  raised  by  the  slope  of 
the  teeth  in  the  edge  of  the  wheel,  and  this  lowers  the  point  of 
the  siphon,  thus  recording  quarter  seconds  on  the  paper. 

The  way  in  which  the  speed  of  the  paper  is  changed  is  also 
illustrated  in  this  diagram.  At  the  b^inning  of  the  shock  the 
ball,  Qi,  roUs  from  the  rocking  platform  on  the  lever,  V,,  on  to  the 
end  of  the  lever,  B^,  and  thus  at  the  same  time  raises  the  left-hand 
end  of  the  lever,  R,,  and  lowers  the  right-hand  end  of  the  lever,  Y^. 
As  the  end  of  the  lever,  R,,  b  raised  the  wheel,  W„  is  pushed  out  of 
gear  with  the  pinion,  X|,  and  allows  the  clockwork  to  run  on  without 
the  governor,  Tj.  A  second  governor  placed  nearer  to  Ihe  driving 
power  then  governs  the  speed.  The  effect  of  lowering  the  right-hand 
end  of  the  lever,  Ui,  is  to  bring  the  wheel,  Z^,  into  gear  with  the 
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pinion,  A^,  which  is  in  gear  with  the  driying  clockwork.  The 
wheel,  Zi,  is  thus  caused  to  revolve,  and  with  it  the  cylinder,  B,, 
which  is  cut  with  a  slope  on  its  top  end.  As  B^  turns  round  the 
right-hand  end  of  TJi  is  raised,  and  lefb-hand  end  lowered  sufficiently 
to  allow  the  ball  to  roll  back  on  to  the  rocking  platform.  After 
this  the  right-hand  end  of  the  lever  is  allowed  to  fall,  and  the  ball 
raised  to  its  normal  position.  Just  before  the  ball  rises  to  this 
position  the  speed  changes  back  to  slow  in  consequence  of  the 
wheel,  Wi,  coming  again  into  gear  with  the  pinion,  Xj.  The 
apparatus  is  thus  brought  back  to  precisely  the  same  condition 
as  it  was  in  before  the  earthquake,  and  will  go  through  the  same 
series  of  operations  should  another  occur. 

II. — Adjustment  and  Use  of  the  Apparatus. 

Fotindaiion. — When  set  up  for  use  this  apparatus  should  be  fixed 
with  its  sole-plate  level  on  a  substantial  foundation.  A  stone 
pillar  built  up  from  the  rock,  if  it  is  near  the  surface,  or  deep  into 
the  ground  if  rock  cannot  be  conveniently  reached,  is  the  most 
suitable.  The  foundation  pillar  should  not  be  high,  and  should 
be  so  rigid  that  its  own  free  period  of  vibration  is  very  short.  In 
order  to  obtain  sufficient  length  of  fall  for  the  driving  weight,  it  is 
generally  convenient  to  pa«s  the  driving  cords  over  pulleys  fixed 
to  the  foundation,  and  then  again  over  pulleys  fixed  to  the 
ceiling  of  the  room  in  which  the  instrument  is  placed.  A 
good  arrangement  is  to  place  the  weights  at  the  side  walls  of  the 
room,  and  lead  the  cord  to  them  by  means  of  pulleys.  The  pillar 
may  thus  be  quite  low,  and  in  the  latter  arrangement  the  cord 
may  pass  across  the  room  under  the  floor. 

Paper. — The  paper  drums  having  been  mounted  in  position  as 
shown  in  the  figures,  the  top  screw  of  the  drum,  X,  is  made  just  tight 
enough  to  keep  the  paper  stretched.  A  weight  of  about  10  lbs. 
should  be  kept  on  the  cord  which  drives  the  train  connected  to  the 
haul-off  drum,  Z,  and  (when  driving  on  a  double  cord)  about  28 
lbs.  on  the  driving  train  of  wheelwork.  The  paper  used  should 
be  as  thin  as  possible,  and  should  not  be  too  smooth.  Very  thin 
printing  paper  suits  well,  and  may  be  obtained  cut  to  the  breadth 
from  the  makers  of  the  instrument. 

Oovemora  and  Speed, — ^The  governors  can  be  adjusted  so  as  to 
vary  the  speed  very  considerably.  It  is  not  advisable  to  reduce 
the  slow  speed  below  one-third  of  an  inch  per  minute,  because,  if 
the  speed  be  too  slow,  the  time  of  occurrence  of  any  disturbance 
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cannot  be  obtained  with  Boffident  Mccancj.  The  last  speed  may 
be  made  as  much  as  3  feet  per  minnte,  but  half  of  that  will  be 
found  quite  sufficient  for  most  places.  The  speed  should  be  suffi- 
cient to  give  good  separation  of  the  recorded  waves.  The  speed 
is  yaried  bj  raising  or  lowering  the  friction  platforms  on  which 
the  upper  ball  of  the  governor  rubs.  The  governors  consist  of 
two  balls  on  the  ends  of  a  cross  arm  pivoted  to  a  spindle  which  is 
driven  round  hj  the  clockwork.  The  cross  arm  is  held  nearly 
vertical,  when  there  is  no  rotation,  by  a  spiral  sprinj^  but  tends 
to  become  horizontal  when  the  spindle  is  driven  round.  When 
the  speed  reaches  the  desired  amount,  a  plug  of  wood  fixed  to  the 
higher  of  the  two  balls  is  made  to  rub  against  an  adjustable 
horizontal  plane. 

Vertical  Motion  Pendulum, — The  lever  of  this  pendulum  should 
be  adjusted  to  the  horizontal ;  first,  approximately,  by  slackening 
the  clamping  screw  and  moving  the  weight  along  the  lever,  and 
finally,  by  turning  the  adjusting  flag.  The  top  of  the  connecting- 
rod  of  the  compensating  spiral  springs  should  reach,  when  the 
spring  is  unstretched,  a  very  little  above  the  knife-edge  marked 
Q  in  the  figures.  After  adjusting  them  to  this  position  they 
should  be  hooked  on  as  shown.  The  point  of  the  lever  which 
remains  steady  during  a  sudden  vertical  movement  of  the  earth 
is  almost  exactly  the  centre  of  the  weight.  The  magnification  is 
adjusted  by  changing  the  position  where  the  connecting  link  is 
attached  to  the  siphon  lever. 

Horizontal  Motion  Pendulum, — Care  should  be  taken  when 
adjusting  these  pendulums  that  the  knife-edge  rests  fairly  along 
its  length  against  the  bottom  of  the  V-groove.  This  can  be  tested 
by  feeling  whether  the  stmt  can  rock  round  a  horizontal  axis. 
The  portion  of  the  strut  and  the  period  of  oscillation  can  be  readily 
adjusted  by  means  of  the  fitting  at  the  top  of  the  pillar  described 
above.  Lines  and  numbers  are  put  on  the  outside  of  the  strut 
which  indicate  the  ratio  of  the  motion  of  the  steel  cone  on  the  end 
of  the  connecting-rod  to  the  motion  of  the  earth  when  the  side 
of  the  weight  nearest  the  knife  edge  is  at  the  mark. 

Siphons.  —  The  siphons  are  made  from  thin  glass  tubing, 
obtained  by  drawing  down  from  tubing  similar  to  that  used  for 
thermometers.  The  thick  walls  and  fine  bore  of  this  tube  allow 
a  tube  of  considerable  strength,  and  yet  of  sufficiently  fine  bore  to 
make  a  fine  line,  to  be  drawn.  Siphons  may  be  made  by  the  user 
f  the  iustrument  by  heating  a  piece  of  such  tubing  and  quickly 


Mb.  T.  Gray  on  an  Improved  form  of  Seismograph.    337 

drawing  it  down  to  the  required  thickness  and  then  bending  it, 
by  the  aid  of  a  minute  gas  flame,  into  the  proper  shape.  The 
writing  point  should  be  drawn  down  sharp  and  smoothed  in  the 
flame.  To  avoid  trouble,  the  makers  of  the  instrument  are  in- 
structed  to  supply  several  sets  of  siphons,  and,  as  these  are  made 
of  such  strength  as  to  be  little  likely  to  break  when  moderate  care 
is  taken,  they  should  be  sufficient  for  a  considerable  length  of  time. 
New  sets  can  also  be  obtained  from  them.  The  siphons  should  be 
fixed  to  the  levers  with  wax  and  should  just  touch  the  paper 
siifficiently  to  insure  a  continuous  flow  of  ink  as  the  paper  moves 
forward.  Some  difficulty  was  experienced  with  the  earlier  instru- 
ments, both  with  the  siphons  themselves  and  with  the  paper. 
The  siphons  were  made  very  light,  and  consequently  very  fragile, 
and.  most  experimenters  found  difficulty  in  fixing  them  without 
breaking  them.  The  paper  again  was  of  a  very  thin  and  cheap 
description,  and  was  found  to  be  irregular  in  quality,  some  parts 
being  so  spongy  that  the  ink  flowed  too  freely  at  the  slow  speeds 
and  produced  a  blurred  Hue.  These  difficulties  have,  however,  been 
largely  got  over  by  having  better  paper  supplied  specially  on  a 
large  scale  to  the  makers  of  the  instrument,  from  whom  it  can  be 
readily  obtained. 

Ink, — ^The  most  convenient  ink  to  use  is  a  solution  of  aniline. 
This  need  not  be  strong,  and  it  is  convenient  to  keep  a  stock  bottle 
made  up  to  a  strength  which  would  make  a  good  ordinary  writing 
fluid.  Care  has  to  be  taken  that  the  siphons  dip  well  into  the  ink, 
but  that  they  do  not  touch  the  bottom  of  the  box  at  any  part  of 
the  range  of  motion. 

Chcmge-Speed  Mechanism, — In  the  use  of  this  apparatus,  two 
things  have  to  be  attended  to.  One  of  these  is  the  time  at  which 
the  speed  changes  back  to  slow,  relatively  to  the  time  the  wheel, 
Zi,  comes  out  of  gear  with  the  pinion,  A  2,  Fig  3.  This  can  be  varied 
by  screwing  up  or  down  the  stop-screw,  C^  Fig.  2,  which  should  be 
screwed  down  far  enough  to  allow  the  speed  to  change  back  to 
slow,  a  little  before  the  wheel,  Z|,  stops  turning.  The  other  thing 
to  be  attended  to  is  the  position  of  the  screw,  D,,  which  regulates 
the  delicacy  of  the  starter;  it  should  be  screwed  forward  until 
the  ball  just  rests  stably. 

III. — The  Intbbpretation  and  Use  of  the  Records. 

In  earthquake  investigation  there  are  a  great  variety  of  physical 
phenomena  to  which  attention  may  be  directed.     That  to  which. 
Vol.  XIX.  y 
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rs^-:.^^  ji.  «r  Zffsr  ZAri  skue  i^&x^  P^^^  aos:  diacsczdant  aoooonts 
:£  -^  ^  i-jtiUfiiiz  zc  z^tt  s^^-oc  Ti^  is  T«rT  s^nidcant,  but  probably 
i*fc^£L::^  IX  3..i^T  ::L?eik.  ^c  a  vkrjecr  ci  jocal  circomstanoes,  and 
,:c.  «rr.'cs^  zz  ^^-Lztuxjz  zc  tm  wz\  ci  ootain,  or  possiblj  all  the 
cosier^rs.  ^Vi«!a  z^:  rLs?r*L:z»±z.^  =i«a:is  are  araiiabie  the  con- 
CLi^.cL  2>  A.c  a:  ':«f  rftw-^^i  z^x  aj  oce  can  be  depended  on  in 
s;2«..r  z:^:z^7^k  11  irrv^vv.  w^  ^F^J  u>  s^  intnimatP  machine  for 
a  sjc^u.^  ^Y  are  £«£>ef:kJ.T  3&»  bj  pfec^adv  the  same  difficulty. 
Tiie  i.5irevii  Tr.icit'Te^  aliw.cLri  ccIt  a  few  hundred  yards  apart, 
wiJ.  rc4  x:ifr^  <2f zl'It  ^ty  i^z:x^  disooruant  indications,  and, 
ir»rL*rfcllT  spajt't^c-  =?-^  ^^^  sees  o^  siAchines,  giving  simply  the 
iinNrd:£i  cf  sl.cjca.  vil  i:.iic;ue  ihe  same  position  for  the  origin, 
<cz^irred  eiiber  vii^  r^^c&ni  «o  surtice  position  or  d^th  of  focnsi 
Tjiis  lefcis  *.:^  ;o  <\:c.s:ier  vhr^^r  o:ir  fundamental  assumption, 
aoxriiL^  10  v^*^  ve  «xm:^  u:ie  dii^ctions  of  motion  at  different 
pljioes  to  L&re  a  o\:z.=iv:ii  t^xzit  of  intersection,  is  likely  to  be 
cc^^«c^.  As  the  ci.-'tims  cozLStfnidr^  an  earthquake  shock  are  of 
the  caiure  of  vare  nicti.^iis^  eiiher  regular  or  irregular,  according 
to  the  nature  of  the  ui€tii«m  thn:a^h  which  it  is  transmitted^  we 
may  irx^ntal-lv  ooz^der  what  we  ar?  Iikelv  to  eather  from  such 
motions  prv<pa^ted  fn^m  a  centra  In  the  first  place,  no  matt»> 
how  uniform  the  mjiterial  may  be  through  whidi  the  waves  of 
disturbance  ans  propagated,  we  are  almost  sore  to  have  at  least 
two  kinds  of  waves,  one  or  both  of  which  exist  at  the  same  time. 
In  one  of  these  sets  of  waves  the  motion  is  transverse  to  the 
direction  of  propagation,  and  the  velocity  of  transmission  depends 
on  the  density  of  the  material  and  on  the  resistance  which  it  offers 
to  distortion.  In  the  other  the  motion  is  in  the  direction  of  pro- 
pagation, and  it  is  transmitted  at  a  rate  depending  on  the  density 
of  the  material  and  on  the  resistance  which  it  offers  to  a  combined 
compression  and  distortion  of  the  peculiar  kind  neoessaiy  to  the 
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existence  of  such  a  wave.  The  difference  in  the  velocity  of  trans- 
mission  for  these  two  kinds  of  waves  is  considerable,  and  is 
important  when  both  exist,  because  it  is  easy  to  infer  which  is  the 
direct  and  which  the  tmnsverse  wave,  the  direct  wave  being 
transmitted  with  the  greater  velocity.  If  the  probability  of  the 
existence  of  these  two  kinds  of  waves  were  all  that  had  to  be 
considered,  it  might  still  be  possible  to  make  out  something  from 
the  direction  of  the  motion  at  different  points,  but,  unfortunately, 
the  problem  is  much  complicated  by  the  want  of  uniformity  of 
structure  in  the  rocky  strata.  This  gives  rise  to  different  rates 
of  propagation  in  different  directions,  and  to  refractions  and 
reflections  of  the  waves,  which  are  a  great  cause  of  the  diversity 
in  the  deductions  derived  from  the  direction  of  motion  at  different 
points. 

Nearly  all  the  calculations  which  are  based  on  observations 
of  this  kind,  as  to  depth  of  centrum,  size  of  focal  cavity,  position 
of  centrum  and  epicentrum,  and  so  on,  are  of  little  value. 
The  same  is  the  case  with  the  deductions  drawn  from  cracks 
in  buildings,  tilting  over  and  twisting  round  of  columns,  the 
indications  of  seismometers,  <kc.  Deductions  as  to  depth  of 
centrum,  derived  from  the  ''  angle  of  emergence  "  of  the  wave,  are 
particularly  apt  to  be  misleading  on  account  of  the  great  variation 
of  the  nature  of  the  strata  downwards  causing  a  large  amount  of 
refraction,  and  on  account  of  the  effect  of  the  free  surface,  which 
tends  to  make  the  apparent  angle  of  emergence  much  greater  than 
the  real  one.  Again,  consider  the  effect  of  a  transverse  vibration. 
Clearly  this  might  be  either  horizontal  or  vertical,  and  hence 
might  give  rise  to  the  idea  that  the  motion  was  purely  vertical  or 
purely  horizontal,  or  it  might  give  rise  to  all  possible  angles  of 
emergence.  As  has  been  already  pointed  out^  there  is  an  important 
difference  between  the  two  kinds  of  waves,  namely,  that  they  are 
transmitted  with  different  velocities.  It  is  therefore  interesting 
to  find  whether  both  waves  have  reached  any  given  point,  and 
this  is  one  thing  that  accurate  instrumental  record  of  the  motion  is 
good  for.  The  interval  between  the  transit  of  the  two  waves  gives 
an  idea  of  the  distance  of  the  origin.  Again,  the  amount  of  the 
disturbance  at  different  places  is  of  great  importance,  because 
when  proper  precautions  are  taken  in  the  interpretation  of  the 
records  the  circles  of  equal  disturbance  will  approximately  have 
the  origin  in  their  centre.  It  need  hardly  be  pointed  out  that 
observations  at  a  few  points  are  generally  sufficient  to  determine 
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-2**  :Lr::e.  I2.  -Jl^  .•»«  ziscrszaeii^  records  are  essential  to  the 
ik.-;  !:--:'::• 'c  ::  r^.-^  •*  :z-f:r^Liu:c>  Anriher  point  is  that  as  we 
r*.-*^.»f  fr^d  *:  :•*  >i":r*  ?c  i-smroan-ee  we  will,  on  the  assumption 
^*i^;  w^  u^  :  .s«;r^_i^  ti-i  irrecc  wuv*.  Lave  a  sradaallr  diminish- 
ir^r  T^ir^oxl  -■•'r::;«:z^»»r-  tii  a  .rrk  IiaHj  increasing  horizontal  one 
rVr  sCw**  •.!.•?.  'i*zr.  iix?r  a  ^rTiaiz.  -iistance  is  riassed  the  horizontal 
^^'^w^'c-f-*  ▼•- _  Ls:  :  — r-^h.  Tbe  circle  of  maximum  horizontal 
inter.Kiv  is  :r-  .cctiiz.^  a»  is  r^di^ss  will  be  approximately  the 
crfpci  vf  •ii«f  f-vn^  So  ikT-  -ie^^  as  the  components  of  the  motion 
an?  cccc^rcwvi  ->•?  rem**  re  2i«.^t  iz:c«rtance  for  the  determination 
oc  the  r\vti:>  xre  t!ir*:r  nfliiiTe  ajnrliiJi-ies  among  themselTes  at  the 
sasir?  p\a»>».  A=.i  lie  reliiive  azirlitxsie  of  the  resultant  motion  for 

We  wjLL.^  hi^we^^er.  -o  Lnow  ihe  cLaraeter  of  the  motion  for 
ether  rcrrose*  t>.i-:  n-ere  crLrin-h:inting,  because  we  hare  an 
interes:  iz.  kzowiz^  wha*  kirLd  of  structures  are  likely  to  withstand 
the  shocks  which  ris;:  TaHictis  Iccaliues.  and  we  want,  as  a  piece 
of  rhv^cyu  inf^ctiiiioc.  to  know  the  changes  which  the  waves 
undcr^^  as  tier  are  transmitted  ^)rward  through  the  Tarious 
strata.  The  rate  of  al^orpdoa  of  the  wave  as  it  is  transmitted 
along  anr  oae  stratum,  and  the  changes  that  the  waves  undergo 
as  they  pciss  frv«m  one  stratum  to  another,  are  also  interesting. 
Combining  gev^L^ioal  knowledge  of  stratincation  with  seismo- 
grap'ac  ittTe*tiga;ioa  o5ers  an  inviting  field  for  experiments  in 
elasticity  on  a  lanre  scale. 

So  far  1  huve  oniy  c."»ns£.iened  the  magnitude  and  the  direction 
of  the  motion.  There  is.  however,  a  time  element  which  is  much 
more  important  fv»r  the  de;erniination  of  the  origin.  Suppose,  for 
example,  that  several  stations  are  carefully  chosen  so  as  to  have 
continuous  rock  formation  of  nearlv  the  same  structure  between 
the  different  instruments:  then  the  time  of  arrival  of  the  dis- 
turbance at  the  different  instruments  gives  information  of  great 
value  for  the  determination  of  the  centre  of  the  disturbance. 
Assuming  that  the  origin  is  at  a  small  depth  below  the  surface, 
compared  with  the  distance  of  the  instruments,  three  stations  are 
sufBcient  to  determine  the  position  of  the  focus:  this  implies  the 
addition  of  time-registering  appliances  to  the  apparatus,  and  hence 
the  clock  in  the  seismograph. 

There  is  another  time  element  of  very  great  imix>rlance,  namely, 
the  rapidity  of  the  vibration.  It  is  clearly  this  that  causes  small 
earthquakes  to  do  damage,  when  the  damage  is  not  attributable  to 
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secondary  causes,  such  as  swinging  of  the  building,  due  to  long- 
continued  tremors  of  a  suitable  period.  Generally  speaking,  very 
small  tremors  have  a  very  quick  vibration,  while  motions  of 
considerable  magnitude  are  slow.  The  rate  of  acceleration  of  a 
mass  on  the  earth's  surface  is  the  important  element,  as  this 
determines  the  force  acting  on  it  Hence,  for  engineering  purposes 
we  want  not  only  the  magnitude  of  the  oscillation  but  the  period 
of  it,  and  this  is  the  main  reason  why  the  speed  of  the  paper-feed 
is  increased  at  the  time  of  the  earthquake. 


•^^r 


3  '.tumtwmaui  Smsiefy  of  Giatpmo. 


XZLl--. — -i    J^*'Ju**tjr-a'tn.   ii.    ItO'^^'^t-t'cHjL:   iTJugfrative   of  the 

f  -£.  ".  T-'^.'t,  r*»d  IT.TT— - .  rtuh^nrhio  altto  some  of  tho$e 
f-i ,  -I  r  -^  -.j^  7  r  *.«-  f-.--  I*j  JL  ££XEST  Mayul&d,  B.S., 
X  !•  Lju.:.  •  >*:'-^  a.  t:  iiif  ».»i:i-T»&iieiit  Department  of 
"Lut  v"-*i»?c. ▼  H.-s]  -i.-  ^.c  Sjjk  Ci^dren:  Extra-Dispens&rj 


~'.:^iar  Y^  sMCJfcl  r^^^uesc  ic  Hat  >rtcirtT,  25(tii  Jftvck.  1888l] 


Xt  X /^.-n  •.:  .<-  ^Tv«T  'T:r  2>  ••-  pT^  j^s:  %  pemnicaJ  demonstration 
x.^.c  lit  >*..  t*."^  rif  3u:r":><irri>^  >st.  .s.  :c  -jerma,"  as  thev  are 
I•:•^I*i.;*^  21'. c^"  r» ''.-^^"r  kzi:T»i.;  lo  si.v  Vv^  these  minute 
C'T^iJL^yz^^  i>.ilfc:t»-  Jki'i  iiT.'Tiii  ZT>:^  ^^rijkii.  ruirieni  media;  and 
1..  i_:.sr.rfc-f  ^I■»  r^fxz.*  i:..c.:<*i  f:c  *.'*,.:ir'.i^  and  cultirating 
'iJi'tn  ^V:__t  x-vi  V,  L_-»t*:*i  TL.isc.  :c  T.T  Leaitrs  will  be,  to  a 
o:rr.fc  :.  ijr.^^i^  f^: . '  .kt  'v-*-i  ^-  i^iT'i.r*  of  tbese  or^jr^niaans,  there 
Ajre  "LI  .;?*e  ":r.'.u..lj  '•i-:  ▼.•J.i  ";«e  ^-^.I  :«  sczie  brief  f^eliminary 
ri'. -ijL^ti .  1-  I  iL->:  ^-.£-  i^Tr--i:ce*  'j.-e  Sc«:er-jiLC*qv.Aii.te'i  of  my 
»«Jj.ri..\:  :>  k-i.  ^v  ':»-xr  ^r.i  —  r.  %lilr  I  irefivV  bit  dr-monstiation 
-•:-.-  A   Itt  sl.r:   r:::Lkri>  ;i:v:i   %rj*5   Li*  nrw  become  to  be 

T^-e  z^iiL.-.e  crp-:_>::->  «z-.ri>i\i  t/  :r.'-^  sciri^ie  are  from  their 
ei.-t^soi'.e  $CL-iLi.«ess  ^-rrn-^u  s>i :  r>-< r^r.  •  img>>  X— e  term  baciena 
i»  a-si>  tTr'  -i-er.'.lr  a- ili.vi  ;o  il^'i::^  So  l:w  are  xiiev  in  the  scale 
o:  KT^T^zji:  lift,  tlj.:,  :iii:il  rw-.n:  Tiearsw  :::«?t  Lid  been  coiiaidered 
a^  o."*."::'  vii^  -Le  l«.ui>IxrT  line  bet'»'€teii  tlie  «"iTi,%i  and  vetjetable 
kii.^ --::-».  l*rii. '  d«:rtiL.-d  i»  ci'^ch  of  the  cature  of  animalcules  as 
of  p.«»:-:.rti.  TL^v  are  now,  hew  ever,  genenillT  accepted  as 
brloL^Z  eI.^UJ^ivt:lv  to  the  ve'^:j.ble  kin^-iom.  When  seen 
und-rr  th^  Li^Ltr  powers  of  ihe  micro^core,  they  appear  generally 
in  the  form  of  round  or  rod  shaied  ccLs — the  round  form  being 
cadl*:d  micrococci,  and  the  rod-dhaped  bioiUL 

Their  minuteness  may  be  judged  from  the  feict  that  the  diameter 
of  the  round  cells  or  the  transTerse  section  of  the  cylindrical  ceils 


Mb.  a.  E.  Matlard  on  the  Growth  of  Micro-crganisms.  343 

is  in  most  cases  not  above  the  one-thousandth  of  a  millimetre 
(a^ooo  i^ch).  The  micrococci  have  no  movement  beyond  that 
which  is  seen  in  all  particles  of  matter ;  but  many  of  the  bacilli 
appear  to  have  a  definite  progressive  motion. 

Bacteria  multiply  by  fission  and  the  formation  of  spores.  In 
the  former  process  each  organism  divides,  and  the  parts  so  separ- 
ated develop  into  adult  bacteria ;  in  the  latter,  a  small  round  or 
oval-shaped  body  forms  in  the  adult  orgajiism,  and  when  ripe  is 
ejected  from  the  mother  cell  and  grows  into  the  adult.  So  rapid  is 
their  rate  of  development  that,  under  conditions  of  suitable  soil 
and  temperature,  they  will,  in  the  course  of  a  very  short  time, 
augment  their  number  a  million-fold.  Unfortunately,  perhaps,  for 
us  their  tenacity  of  life  is  very  great,  so  great,  indeed,  that  many 
of  them  will  resist  temperatures  and  other  conditions  totally 
destructive  of  higher  organic  life;  and  herein  lies,  it  may  be 
incidentally  remarked,  the  sole  secret  of  all  our  present  practical 
difficulties  in  the  treatment  of  such  diseases  as  are  known  to  be 
due  to  them.  How  are  we  to  destroy  the  parasite  without 
deleteriously  affecting  the  host  1  We  have  arrived  by  experiment 
so  far  as  to  know  how  to  kill  the  bacterium  when  isolated,  but  as 
yet  we  know  of  no  means  how  to  do  so  when  the  nidv^  of  the 
germ  happens  to  be  the  human  system. 

Although,  as  I  have  said,  the  higher  powers  of  the  microscope 
are  needed  to  see  these  organisms  individually,  they  can,  with  equal 
certainty,  be  detected  by  the  naked  eye  when  occurring  collectively. 
It  is  in  this  condition  that  I  am  dealing  with  them  this  evening. 
So  conglomerated  they  constitute  what  are  termed  "colonies," 
and  as  not  a  few  produce  highly- coloured  pigments,  it  becomes  an 
.easy  matter  to  study  them  under  various  phases  of  development. 

While  it  is  now  many  years  since  the  existence  of  these  minute 
organisms  was  fii*st  discovered,  it  is  only  within  comparatively 
recent  times  that  a  relationship  has  been  shown  to  exist  between 
them  and  certain  diseases.  This  association,  discovered  by  Pasteur, 
Koch,  Lister,  and  others,  has  infused  into  the  subject  an  importance 
out  of  all  proportion  to  what  it  would  otherwise  have  had ;  and  so 
universal  has  become  its  significance  that  it  behoves  not  only  the 
medical  man  and  the  scientist  in  general  to  study  it,  but  demands 
the  careful  attention  of  every  individual  if  his  own  health  and 
that  of  the  community  at  large  are  to  be  maintained. 

With  these  few  cursory  remarks  upon  the  life-history  of  bacteria, 
I  may  now  pass  on  to  the  practical  side  of  my  subject;  and,  first 


ir   'r. 


•£  axe  jMJBug  «e  adopt  and  the 
lad  isahsY^aaa  of  mkro- 
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;t;.7:-ii^:i  ->'   rr*-":--^.-  -S.  **r  tt  wx:^  ainsc  be  conntencced, 
irr  'w  r-i.  lii-*  -jk^T-rrrA  zr'-vsiz  3i35w  '>t  killed.     To  mooom- 
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"Villi  A  -r-ir-^^  A  -iiiLii  if  *i--i:^«_mie  ic  library ;  dry  he^t  np  to 
i»ij.  iiL.v^-9  4  "Viii'trjnnir*  .r  !;•  J.  1*,'!'  F  :  ajidsQeua.  ^one 
ir  -^^isfT  jr  :iiti=e  ne^.^^  "w**  ir«  i^Lixe  jO  -aiaire  cur  acensils  and 

rill?  j^r^u^j.  .'C  "-le  iicjr^iTT'  5k.Li"zjciL  :xsed  is  gieoaallT  aboat 
me  Ti:^  :z  rue  iitfr-r-irtL*  ^tyrri.t'r^e  ^  T«r^  cncosamd  pares  of 
"¥-irdr  A5  i  ^rjriry  .s""-^  v?2ir  'j:  s  :ise*i  5:r  -■t»**^-^j  ziass 
a>ic:i  .kfr  A  i.-C"i  r-:i:r*;r\rir^  TrrtLJi  ':e  IikelT  zc  iz.'Tire ;  for 


lie  'cenrjr  :*  t.l.:'Iz5.  a-i-.i  iisLj3*ctiZir  si'-ii  ^i.»i*i^ik  as  haTe  aL 


'-*feii  xst*i»  iZ'i  ▼!.<  :i  X  2*  itf^jTilroi  *;  rsnoer  ateriLe  before  dis- 

r*i.e  iry  irerl:»fr  j:rLs;iss  jc  a  aietskl  bcx  beased  beneath  bj 
r.LZisea  ':ar:i**rs.  AZti  .•^rtiit  -— ^  in  i::s^  rocf  a  uiennometer  for 
r-'^jiceirji^  tlie  reii;  Ter-ir:ir«.  Lz.r j  i.'^  s  ire  rli*:^  all  ^lass  reoep- 
mies  1.1^::  ,si:i  be  5;i:-r>  r^^se^  -:r  *  l_j:i  teciperatizre;  also 
circr-:!!  w:*:*.  ^-^^^ss  r-cs..  p^Ttfccesw  kz^T\Kh.  «ic  The  s^Iass  lest  tobes^ 
w'-oi  Ar«  ac  l*r*^>  ^iseti  frr  cnlTiTTiri—  rurpase%  are  stopped 
^wvLi  xzzcTL  wz*:i  azsi  il^n  ^Iioec  iz.  :>  >  jiisicer.  vhere  thej  are 
Ltfaccii  en  nr;?  cr  i^iree  vXi:;5ei.-!iti'nf  divs  izp  co  a  temp»atnre  of 
15-1*  Q  rcr  tiiree-qiikrtere  cf  az.  b:<ir. 

T:.e  5iea:u  sccrili^r  io:c^::3  ct  a  kz^  mecal  cylinder  heated 
below  by  B:iiLseii  b;2T.€rs.  ard  ccn^airfr.g,  like  the  dry  steiiliaery 
a  tbermonieter  in  tie  lid  tor  re-jjisterin^  pGrpQ6C&  The  lower 
part  of  this  hollcw  cvlinder  00:1:^11:5  water,  and  a  few  inches 
above  tie  snHace  of  tbe  water  a  perforated  diaphngm.  This 
latter,  while  it  allows  the  ^team  to  freely  pass  throogh,  sores  as 
a  Mipport  for  whaterer  may  be  placed  upon  it.  The  steam 
steriliser  is  used  mostly  for  sterilising  the  Tarions  cultivating 
media  which  are  placed  within  it,  when  the  thetmoineter  in  the 
lid  registers  100'  C.  (212*^  F.) 
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Cultivating  Materials. 

The  media  which  we  use  for  cultivating  bacteria  are  of  many 
kinds,  but  I  shall  not  trouble  you  with  more  than  two  or  three, 
and  those  such  as  I  have  before  me.  It  must  be  remembered 
that,  while,  as  I  have  already  stated,  these  minute  organisms  are 
extremely  tenacious  of  life,  and  will  live  under  conditions  totally 
unfit  for,  and  incapable  of,  sustaining  the  vital  existence  of  more 
highly  organised  beings,  they  are  nevertheless  peculiarly  fastidious 
over  the  soil  they  require  for  growth  and  multiplication.  Tem- 
perature also  plays  a  not  unimportant  part  in  influencing  develop- 
ment. Thus  we  find  some  organisms  incapable  of  increasing  their 
number,  except  when  at  the  temperature  of  the  human  blood, 
while  others  will  thrive  at  the  ordinary  room  temperatura  Again, 
some  will  multiply  only  when  freely  exposed  to  the  air,  while 
others  need  no  such  exposure  for  their  development.  In  catering, 
then,  for  the  requirements  of  bacteria,  we  have  to  carefully  select 
those  media  and  external  conditions  which  are  likely  to  prove 
most  suitable  for  the  propagation  of  any  particular  species.  In 
many  cases  this  has  to  be  done  empirically,  but  in  not  a  few  a  clue 
to  the  proper  coDiposiiion  of  the  artificial  media  is  derived  from 
the  constitution  of  the  natural  habitat. 

I  have  here  before  me  three  different  cultivating  media.  This 
clear,  transparent  substance,  resembling  very  much  calfs-foot 
jelly,  is  called  Koch's  beef  peptone  jelly,  and  is  one  of  the  most 
serviceable  media  we  possess.  It  is  composed  of  gelatine,  peptone, 
meat  extract,  and  salt,  in  certain  proportions — the  mixture  being 
rendered  neutral  or  slightly  alkaline  by  the  addition  of  a  saturated 
solution  of  bicarbonate  of  soda.  Although  seen  here  as  a  solid, 
it  readily  liquefies  at  a  temperature  of  about  22**  C.  (72°  F.).  As 
solidity  is  an  essential  requisite  in  many  of  our  investigations,  it 
becomes  unsuitable  for  the  cultivation  of  such  organisms  as 
require  the  temperature  of  the  human  blood  for  their  develop- 
ment, which  is  37°  C.  (98*6°  F.)  For  these,  therefore,  we  have  to 
make  use  of  another  substance.  This  which  I  show  you  here  in 
the  form  also  of  a  jelly  is  less  transparent  but  much  more  solid 
than  that  just  mentioned.  like  Koch's  preparation,  it  contains 
meat  extract,  peptone,  salt,  but  in  the  place  of  gelatine.  Agar 
Agar — an  extract  obtained  from  sea-weeds  growing  on  the  coasts 
of  India  and  Japan.  To  liquefy  this  jelly  a  temperature  approx- 
imating boiling  point  is  needed. 


F'i  MHE^Mft  Sxieiy  ^  GUuff&w. 


Tbe  tlird  Erfdix^  cccjss^s  of  stomied  potatoes,  which,  when 
>c^:5e£.^T  c:».f<?*^  Are  sl:.*^  arid  the  surface  so  exposed  con- 

ir.  ihis  stccoK^d  t«s<  uibe  is  some  of  Koch's  beef  peptone 
v"->.  l\  h»%s  Sj^s  a-I>w«i  to  soiidifr,  while  the  tube  has  been 
ker:  ircl:^*d  sc  *5  ic  ^inf  a  ii»re  extensiTe  surface  for  planting 
rc^cK>^e&  It  i>  r<^w  six  weeks  since  this  was  prepared,  and  it  is 
still  p^tt*«lT  5x>i  acd  nt  for  nsje.  Here  b  a  tube  in  which  a 
hivteri-aa  is  srowiii^  ci«>ei  the  ol  li-aue  sorfaoe  of  the  jelly.  (Plate 
1X.«  Fi^.  6.  •  It  I<c^c4s  n-M  snlike  a  smudge  of  white  paint,  but  in 
realitT  it  recsnesents  the  srowrh  of  the  micro-oi^anism.  When  first 
iiL:rI:»n;«d  it  was  a  £feiz.t«  alnK^  imperc<q>tible  streak,  and  now, 
Uv^m  gra^i^i^  exti^:i>iv  n  th.ro:igh  multiplication  of  the  bacteria,  it 
has  a&ssumed  the  apzviuracce  joa  see^ 

Natciull  Habitat  of  Bacteria. 

A.  word  now  aKmt  the  baeteHa  themselves.  Whence  are  they 
derived  f  or.  in  other  wofti*.  where  are  they  found,  and  by  what 
means  are  they  isolated  *  It  would  almost  be  easier  to  say  where 
they  do  n»t  exists  nther  than  to  state  where  they  do,  so  all- 
pervading  ar^  they  in  air.  earth,  and  water.  It  does  not  seem 
pleasant  to  con  tern  plate«  that  in  this  great  city  in  which  we  dwell 
the  very  air  we  breathe  teems  with  them ;  the  water  we  drink 
swarms  with  them  ;  and  the  soil  we  tread  upon  is  crowded  with 
themu  Yet  so  it  is :  and  it  is  part  of  my  object  this  evening  to 
practically  demonstrate  these  facts  to  you,  and  to  illustrate  the 
various  conditions  which  tend  either  to  lessen  or  increase  their 
numbers  in  each  of  the  media  alreadv  mentioned. 

B.VCTCRIA    IN   AlB. 

Let  us  first  take  air.  I  show  you  here  what  is  termed  ''a 
plate  cultivation.^  It  consists  of  a  thin  plate  of  glass,  six  inches 
by  four,  covered  with  a  thin  layer  of  Koch's  beef  peptone  jelly. 
The  glass  plate,  previously  sterilised,  was  placed  upon  a  large  glass 
slab,  itself  resting  upon  a  glass  dish  containing  ice  and  water,  and 
levelled  by  a  tripod.  A  test  tube  containing  Koch's  beef  peptone 
jelly  was  slightly  heated  in  order  to  liquefy  the  medium.  This 
was  then  poured  upon  the  glass  plate,  and  spread  out  as  a  thin 
layer  upon  its  surface^  The  ice  beneath  the  plate  soon  caused  the 
jelly  to  congeal.  The  plate  thus  prepared  was  then  placed  with 
its  jelly  surfiAoe  upward  at  some  place  in  the  laboratory,  and  lefl 
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exposed  to  the  atmosphere  for  half-an-hour.  The  excessive  minute- 
ness and  lightness  of  bacteria  admit  of  their  being  carried  about 
by  the  slightest  breath  of  air.  Their  tendency  is  always  to 
gravitate  to  the  ground;  and  so  it  comes  about  that  both  by 
means  of  downward  currents  and  their  own  weight  several  are 
brought  in  contact  with  the  surface  of  the  jelly.  Here  they  stick , 
and  finding,  as  most  or  many  do,  a  suitable  soil  for  development, 
sooner  or  later  show  signs  of  growth.  This  plate,  after  half-an- 
hour's  exposure,  was  placed  in  a  glass  chamber,  where  any  further 
contamination  of  the  jelly  was  precluded,  and  you  now  see  the  result 
at  the  end  of  seven  daya  (See  Plate  IX.,  Fig.  1,  which,  although 
representing  a  plate  differently  treated  and  to  be  described  later, 
sufficiently  indicates  the  points  here  depicted.)  There  are  twenty- 
seven  colonies,  indicating  approximately  the  number  of  individual 
micro-organisms  originally  deposited.  These  colonies,  you  will 
observe,  present  many  differences  as  regards  their  size,  colour,  and 
effect  upon  the  jelly.  They  are  mostly  circular,  but  some  are  much 
larger  than  others.  In  colour  some  are  white,  some  pink,  some 
yellow,  and  some  greenish.  In  their  effect  upon  the  jelly,  some 
appear  to  grow  only  on  the  surface,  some  grow  deeply  in  its 
substance,  and  some  liquefy  the  substratum,  producing  a  turbid 
flidd.  These  various  differences  are  characteristics  in  the  life- 
history  of  each  organism. 

Here  is  a  second  plate  (Plate  IX.,  Fig.  2),  which  has  been  exposed 
in  the  open  air  for  an  hour,  and  the  colonies  seen  are  the  result 
of  seven  days'  growth.  There  are  in  all  no  fewer  than  ninety 
separate  colonies. 

I  have  here  a  third  plate  which  has  been  somewhat  differently 
treated.  The  plate  was  exposed  for  two  or  three  minutes  in  a 
room  while  being  swept.  The  room  itself  had  for  a  long  time 
been  unoccupied,  and  for  weeks  had  never  been  entered.  The 
sweeping,  therefore,  raised  much  dust,  and  as  dust  is  one  of  the 
best  carriers  of  these  minute  organisms,  the  surface  of  the  jelly  soon 
became  copiously  sprinkled  with  particles.  The  plate,  like  the 
preceding  ones,  was  put  aside  for  a  week,  and  here  you  see 
the  result.  It  is  simply  crowded  with  colonies.  In  a  similar 
experiment  tried  some  time  back,  no  fewer  than  three  hundred 
and  sixty-two  colonies  developed.  About  two  weeks  after  the 
latter  experiment  I  placed  another  plate  in  the  same  room.  The 
room  in  this  interval  had  been  kept  closed,  so  that  everything  in 
the  interior  had  been  in  a  perfectly  quiescent  condition.     The 
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room  was  slowly  and  cautiously  entered,  and  the  plate  deposited 
at  the  same  place  as  the  previous  one  had  been.  It  was  left 
exposed  for  half-an-hour,  and  then  put  aside  for  a  week.  At  the 
end  of  that  time  only  nine  colonies  had  developed,  and  it  is  more 
than  probable  that  these  were  the  consequence  of  the  slight 
disturbance  unavoidably  caused  in  the  atmosphere  through 
entering  the  room. 

Unless,  therefore,  under  the  exceptional  conditions  just  indi- 
cated, in  the  higher  region  of  the  atmosphere,  and  at  parts  of  the 
sea  far  distant  from  the  land,  the  air  may  be  said  to  literally 
swarm  with  life.  It  would  seem  from*  experiments  which 
have  been  made  on  much  the  same  lines  as  those  which  I  have 
just  demonstrated — modified  somewhat  for  quantitative  rather  than 
qualitative  analysis, — that  the  number  of  microK)rganisms  found 
in  any  given  volume  of  air  is  in  direct  proportion  to  the  density 
of  the  animal  population,  and  still  further  to  particular  conditions 
affecting  that  population;  or,  to  put  it  in  plainer  terms,  the 
largest  number  of  micro-organisms  will  be  found  in  the  atmosphere 
of  crowded  communities,  occupying  ill  ventilated  and  uncleanly 
spaces.  It  is  under  these  conditions  that  dead  organic  matter 
is  frequently  found  in  greatest  abundance,  and  no  soil  seems  so 
suitable  for  the  rapid  and  prolific  propagation  of  bacteria  as  that 
of  lifeless  vegetable  or  animal  matter. 

So  far  as  the  air  itself  is  concerned,  it  must  be  remembered  that 
it  is  simply  the  carrier  of  these  minute  organisms,  and  it  is  only 
when  they  are  by  this  means  brought  in  contact  with  organic 
matter  that  they  multiply  and  bring  about  those  innumerable 
fermentative  changes  with  which  our  noses  too  frequently 
acquaint  us.  I  need  only  mention  such  familiar  domestic 
experiences  as  are  observed  when  meat  becomes  what  we  call 
"high/'  fish,  putrid;  milk,  sour;  or  light  alcoholic  wines,  acid; 
fruit,  rotten;  and  so  od,  to  bring  home  to  you  the  active  influence 
of  these  organism& 

But  let  me  pass  to  some  other  practical  observations  in 
connection  with  the  bacteria  of  air.  It  is  part  of  the  duty  of  the 
bacteriologist  to  study  in  every  possible  way  the  life-history  of 
these  organisms,  just  as  the  botanist  or  horticulturist  watches 
the  growth  of  a  plaut,  or  the  naturalist  studies  the  habits  and 
characters  of  any  particular  animal  With  this  object  in  view, 
then,  we  proceed,  after  having  obtained  our  microbe,  to  make 
what  is  termed  a  pure  cultivation  of  it.     To  do  this,  I  take  what 
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is  termed  a  platinum  needle,  which  consists  of  a  glass  rod,  having 
fixed  into  one  extremity  a  piece  of  straight  platinum  wire.  This 
is  first  sterilised  by  heating  it  in  the  flame  of  a  Bunsen  burner, 
and,  when  cooled,  is  made  to  touch  lightly  one  of  the  colonies  on 
the  original  plate  cultivation.  Some  of  the  bacteria  will  adhere 
to  the  point  of  the  needle,  and  when  so  secured  can  be  transferred  to 
the  surface  of  another  cultivating  medium  upon  which  it  is 
desired  to  obtain  a  growth.  I  will  now  show  you  several  such 
pure  cultivations,  obtained  in  the  manner  just  described.  This 
beautifully  pigmented  growth  (Plate  IX.,  Fig.  3),  is  called  the 
Micrococcus  prodigiosua.  You  see  it  as  a  brilliant  red  streak  on 
the  surface  of  the  Agar  Agar.  Here  it  is  again  growing  in 
Koch's  jelly  (Plate  IX.,  Fig.  4),  liquefying  the  medium  in  its  process 
of  development,  and  leaving  the  medium  so  liquefied  tinted  with 
the  beautiful  pigment  which  constitutes  its  specialty.  It  is  seen 
also  growing  luxuriantly  on  this  potato  (Plate  IX,,  Fig.  2),  producing 
in  like  manner  its  characteristic  colour.  In  this  tube  is  seen  a 
yellow  micrococcus  (Plate  IX.,  Fig.  8),  growing  on  Agar  Agar;  and 
here  again  it  is  seen  growing  on  the  surface  of  a  potato.  This  is  a 
pink  torula  (Plate  IX.,  Fig.  7),  growing  on  the  surface  of  Koch's 
jelly;  seen  here  also  growing  on  the  surface  of  a  potato.  This 
again  is  a  white  micrococcus  (Plate  IX.,  Fig.  6),  one  which  I  have 
already  drawn  your  attention  to.  Here  is  still  another,  an  orange- 
coloured  micrococcus,  growing  on  Agar  Agar.  These  are  just  a 
few  among  many  which  I  might  show  illustrative  of  pure 
ctdtivations  of  bacteria  found  in  air. 

Besides  studying  simply  the  growth  of  these  organisms : 
noticing  what  soil  suits  them  best :  under  what  temperature  they 
thrive  and  multiply  most  prolifically :  in  what  way  they  grow  in 
or  on  the  substratum  :  and  many  other  such  points ;  there  is  still 
further  a  very  important  consideration  in  their  life-history  which 
I  cannot  do  more  than  barely  allude  to,  but  the  possible  future 
importance  of  which  demands  that  I  should  not  entirely  pass  over. 
The  point  has  reference  to  the  bodies  formed  by  the  growth  of  any 
micro-organism.  In  the  multiplication  of  its  species  the  bacterium 
assimilates  to  itself  such  ingredients  as  are  necessary  for  its 
development.  These  are  derived  mostly  from — sometimes  in  the 
case  of  those  called  anaerobic  (not  needers  of  air)  entirely  from — 
the  cultivating  medium.  As  the  result  of  this  process  of  abstrac- 
tion, certain  bodies  are  left  behind  of  a  totally  different  character 
from  anything  which  preWously  existed.     In  the  growth  of  the 
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Saccharomyces  cerevisice  or  common  yeast  plant  we  have  a 
familiar  example.  The  result  of  the  development  of  this  organism 
is  the  formation  of  alcohol  and  the  liberation  of  carbonic  acid  gas. 
We  are  familiar  enough  also  with  those  offensive  products  popularly 
known  as  the  gases  of  decomposition.  These  are  produced  by  the 
growth  of  bacteria  upon  dead  organic  matter.  To  illustrate 
practically  the  changes  which  I  am  describing,  I  show  you  here  a 
tube  containing  the  bacillus  of  green  pus  (Plate  IX.,  Fig.  5).  You 
will  observe  that  the  lower  part  of  the  tube  contains  unaltered 
jelly,  while  the  upper  part  consists  of  a  green  pigmented  fluid 
material.  Now,  at  the  junction  of  the  two  parts  there  is  a  white 
septum  dividing  them,  and  this  white  septum  is  composed  entirely 
of  bacilli  This  tube  originally  contained  nothing  but  pure  solid 
jelly.  It  was  inoculated  by  means  of  a  platinum  needle  which 
had  adherent  to  it  a  few  bacilli  obtained  from  another  tube.  The 
result  has  been  that  as  the  bacilli  multiplied  they  fed  upon  the 
jelly  and  left  behind  the  pigmented  fluid  upper  layer  which  in 
every  respect  is  wholly  different  from  the  original  substanca 

The  Micrococcus  prodigiosus  growing  in  Koch's  jelly  (Plate  IX., 
Fig.  4),  to  which  I  have  already  drawn  your  attention,  is  another 
illustration  of  the  same  character.  Here  the  jelly  is  similarly 
liquefied,  but  the  pigment  is  red  instead  of  green.  The  interest  of 
this  subject  centres  upon  the  question  whether  or  not  many 
diseases  may  be  due  to  these  secondary  products,  Leucomdines 
or  PtoindineSj  as  they  are  technically  termed,  rather  than  directly 
to  the  bacteria  themselves.  I  must  not,  however,  pursue  this 
matter  further.  It  is  a  subject  as  yet  in  its  infancy,  but  growing 
out  of  the  study  of  Bacteriology,  and  with  probably  a  great  future. 

Bacteria  in  Earth. 

I  now  turn  to  the  examination  of  earth.  That  earth  should  be 
a  fruitful  source  of  bacteria  goes  almost  without  saying.  The 
constant  deposition  of  vegetable  matter,  as  well  as  that  derived 
from  animals,  renders  it  a  particularly  fertile  soiL 

To  examine  earth  a  few  grains  of  mould  are  taken  and  dropped 
into  a  tube  of  Koch's  jelly  which  has  been  previously  melted. 
The  jelly  is  carefully  shaken  to  diffuse  as  much  as  possible  the 
grains  throughout  the  medium.  It  is  then  at  once  poured  upon  a 
glass  plate,  and  caused  by  means  of  ice  to  rapidly  solidify  in  the 
manner  I  have  already  described  to  you.  The  minute  particles  of 
mould  thus  become  fixed,  and  the  micro-organisms  separated  from, 
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or  attached  to  them,  will,  in  the  couse  of  a  fe v  dajs»  develc^  into 
visible  colonies.  Here  is  a  plate  prepared  in  the  waj  described. 
The  mould  was  taken  from  a  garden  a  few  dajs  ago,  and  the  plate 
has  been  kept  protected  from  atmospheric  contamination  since. 
The  result  as  seen  shows  an  innumerable  collection  ol  colonies, 
Tarying  in  the  many  respects  I  have  alreadv  shown  you  in  the 
case  of  air. 

Bacteria  in  Watbb. 

The  subject  of  the  investigation  of  water,  to  which  I  next  ask 
your  attention,  is  one  of  considerable  interest  By  an  examlna* 
tion  of  this  kind  we  are  able  approximately  to  determine  the 
comparative  purity  of  any  sample.  This  particular  method — ^the 
bacteriological  investigation  of  water — ^has  not  yet  found  its  way 
in  this  country  into  the  usual  practice  adopted  for  such  examina- 
tions. The  periodical  reports  issued  by  public  analysts  are  based 
almost  solely  on  chemical  analysis.  That  this  mode  of  examination, 
however,  will  sooner  or  later  Und  its  way  into  being  adopted  as  a 
regular  routine  practice  there  is  little  doubt.  It  will  add  infor- 
mation of  importance,  as  well  as  more  forcibly  confirm  conclusions 
which  at  present  are  derived  from  purely  chemical  analysis. 

From  the  number  of  micro-organisms  which  we  have  already 
seen  exist  in  the  air,  it  is  quite  natural  that  many  of  these  should 
find  their  way  into  this  medium,  wherever  it  may  be  exposed. 
Besides  this  inevitable  and  very  fertile  source  of  contamina- 
tion, however,  there  are  bacteria  peculiar  to  water  itself,  and 
these  of  many  kinds.  Water  in  one  respect  much  resembles  air, 
in  that  it  is  a  means  of  conveyance  of  bacteria.  Unfortunately, 
most  of  these  minute  organisms  seem  to  be  totally  unafiected  by 
immersion,  and  while  finding  in  pure  water  no  food  fit  for  their 
development,  they  need  but  to  reach  a  suitable  soil  to  prolifically 
propagate  their  species.  Thus,  even  what  we  term  pure  water, 
may  under  such  circumstances  contain  the  most  noxious  impurities. 

I  will  now  describe  the  practical  method  for  making  a  bacterio- 
logical investigation  of  water. 

If  the  same  method  be  adopted  as  has  just  been  demonstrated  in 
the  case  of  earth,  that  is  to  say,  the  mixing  of  a  small  quantity  of 
water  with  nutrient  jelly,  we  have  an  opportunity  of  ascertaining 
the  existence  of  bacteria  from  the  development  of  colonies  which 
subsequently  takes  place.  The  actual  practical  method,  however, 
of  carrying  out  this  examination  differs  somewhat  from  that  just 
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described.  The  danger  which  has  to  be  met  and  overcome  consists 
in  the  possibility  of  any  contamination  taking  place  from  the  air. 
In  all  cases  where  the  open-plate  method  of  cultivation  is  adopted 
this  is  an  ever-present  risk,  and  one  very  difficult,  if  not  almost 
impossible,  to  prevent.  The  difficulty  is,  however,  surmounted  by 
proceeding  as  follows  : — 

A  properly  sterilised  stoppered  test  tube  is  taken,  and  into  it  is 
placed  a  small  quantity  of  Koch's  jelly.  This  is  then  sterilised 
again  in  the  steam  steriliser,  and  kept  for  a  week  or  two  in  order 
to  test  its  absolute  purity.  In  proceeding  to  make  use  of  it,  a 
measured  quantity — which  rarely  exceeds  half  a  cubic  centimetre 
(about  four  drops) — of  the  water  to  be  examined,  is  inserted  into  the 
previously  liquefied  jelly.  It  is  gently  shaken  to  ensure  that  the 
water  is  well  dispersed  through  the  medium.  The  tube  is  now  held 
almost  horizontally  and  rotated  rapidly  in  its  long  axis  beneath  a 
constant  stream  of  cold  water.  The  gradual  process  of  cooling 
induced  by  the  cold  water  causes  the  jelly  to  congeal  and  adhere 
to  the  sides  of  the  tube  until  it  finally  solidifies  as  a  thin  film 
lining  the  inner  surface  of  the  tube.  Any  micro-organisms,  there- 
fore, which  may  have  previously  existed  in  the  water  will  now 
become  fixed  in  the  solid  jelly.  The  tube  so  prepared  is  laid  aside 
and  watched  from  day  to  day.  If  the  water  inserted  contained 
organisms,  those  capable  of  development  in  this  medium  and  under 
the  conditions  employed  would  sooner  or  later  form  visible  colonies; 
and  these,  from  the  transparency  of  the  soil  in  or  upon  which  they 
are  growing,  would  be  easily  detected. 

By  this  method  we  can  approximately  ascertain  the  quality  and 
quantity  of  bacteria  contained  in  a  given  measure  of  water.  As 
in  the  case  of  air,  if  we  wish  to  examine  more  fully  the  micro- 
organisms thus  found,  we  proceed  to  make  pure  cultivations  by 
inoculating  other  cultivating  media  from  these  separate  colonies. 

I  now  propose  to  show  you  the  results  of  several  examinations 
made  in  the  way  just  described;  and,  first,  I  will  take  Loch 
Katrine  water,  such  as  it  is,  as  it  flows  from  the  tap  in  my 
laboratory. 

In  this  tube  (Plate  X.,  Fig.  1),  was  placed  half  a  cubic  centimetre 
of  water — that  is  to  say,  about  four  drops.  It  was  inserted  four  days 
ago.  Two  colonies  have  so  far  made  their  appearance,  which  may 
be  taken  as  representing  '5  bacteria  per  drop;  or,  if  we  take  the 
drop  to  represent  a  minim  of  our  ordinary  measure,  we  have 
4,800  to  the  pint 
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As  the  result  of  a  few  tests  made  this  winter,  I  have  found  con- 
siderable variation  in  the  number  of  organisms  present  in  a  given 
quantity  of  this  water.  The  average  may  be  given  at  1  or  1  '5  per 
drop.  On  one  occasion  no  development  was  observed ;  on  another 
as  many  as  4  per  drop.  Notwithstanding  the  apparently  appalling 
number  constituting  the  average,  that  is  to  say,  some  9,600  per 
pint,  this,  considering  the  natural  ways  through  air  and  earth  by 
which  contamination  is  necessarily  brought  about,  may  be  taken  as 
indicating  particularly  pure  water.  In  striking  contrast  to  this 
investigation,  and  to  relieve  your  minds  of  any  unpleasant  feeling 
associated  with  the  imbibition  of  about  5,000  microbes  in  an 
ordinary  tumbler  of  water — ^for  in  truth  the  number  is  a  mere 
fraction — ^I  will  give  the  result  of  an  investigation  of  Clyde 
water.  The  water  was  taken  from  mid-stream  about  opposite 
Grovan  Pier.  The  usual  quantity  of  half  a  cubic  centimetre  was 
inserted,  and  on  the  third  day  such  a  development  had  taken 
place  as  to  be  totally  beyond  the  power  of  human  calculation. 
The  jelly,  too,  had  putrified  to  such  an  extent  as  to  be  quite 
offensive  on  removal  of  the  wool  stopper.  Finding  this  quantity 
of  water  far  too  much  to  enable  me  to  arrive  at  any  calculation 
of  the  possible  number  present,  I  next  tried  a  single  drop  only, 
with  the  result  that  about  1,500  colonies  developed — thus  bringing 
the  number  per  pint  up  to  the  almost  inconceivable  quantity  of 
14,400,000.  I  here  show  you  a  tube  which  had  placed  in  it 
three  days  ago  a  single  drop  of  Clyde  water,  taken  from  the  same 
place  as  that  originally  investigated,  and  you  will  see  how 
extensively  speckled  is  the  thin  layer  of  jelly  lining  the  inner 
surface  of  the  tube. 

In  view  of  the  interest  which  has  recently  been  awakened  by 
the  report  of  the  Government  Inspector  upon  the  pollution  of 
Lochs  Long  and  Goil — a  report  based  apparently  solely  on  a 
chemical  analysis, — I  thought  it  might  prove  interesting,  and 
possibly  instructive,  to  make  a  bacteriological  examination  of 
these  waters.  For  this  purpose  I  visited  the  Lochs  on  March  3rd, 
accompanied  by  my  friend  and  colleague,  Dr.  Joseph  Coats. 
Samples  of  water  were  taken  from  three  different  places:  one 
from  Loch  Goil,  close  to  the  pier  at  Carrick  Castle;  a  second 
from  mid-stream,  at  the  entrance  of  Loch  Goil ;  and  a  third  at 
the  entrance  of  Loch  Long,  midway  between  Cove  and  Blairmore. 
In  each  case  half  a  cubic  centimetre  was  examined.  In  that 
obtained  from  opposite  Carrick  Castle,  ten  colonies  developed; 
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in  that  from  the  entrance  of  Loch  Groil,  only  four ;  and  in  that 
from  the  entrance  of  Loch  Long,  no  fewer  than  ahont  500.  Too 
much  must  not  be  drawn  from  this  single  inyestigation,  and  made, 
too,  in  the  winter ;  but  such  as  it  is,  it  points  to  a  purity  of  Looh 
Goil  equal  almost  to  that  of  Loch  Katrine,  as  examined  from  the 
tap  in  my  laboratory;  and  of  Loch  Long — at  the  part  examined — 
to  a  condition  little  better  than  parts  of  the  Clyde  itself.  Whether 
Loch  Goil  would  show  the  same  degree  of  purity  in  summer,  when 
there  is  little  water  entering  the  head  of  the  Loch,  is  very  doubtful. 
A  proper  examination  made  in  the  summer  might  prove  of  much 
ralue.  Much  was  made  in  the  Inspector's  report  of  a  slimy  scum 
noticed  upon  the  surface  of  still  water  at  the  head  of  some  of  the 
Lochs.  This  was  ascribed  to  sewage  matter ;  but  the  description 
suggests  the  possibility  of  its  being  some  of  those  organisms 
familiar  enough  to  the  bacteriologist,  known  as  Crenothrix, 
Cladothrix,  Beggiatoa,  and  others  frequently  found  floating  upon 
the  surface  of  still  waters. 

To  better  compare  the  relative  purity  of  the  waters,  the  exam- 
inations of  which  I  have  just  given,  I  will  draw  your  attention  to 
the  following  table  where  the  number  of  organisms  are  given  per 
litre : — 

•    Loch  Katrine, 17,280 

(by  laboratory  tap.) 

Loch  Gk)il,        21,600 

(close  to  Carrick  Castle  pier.) 

Loch  Goil,        8,640 

(at  entrance,  mid-stream. ) 

Loch  Long,       2,160,000 

(at  entrance,  mid-stream.) 

River  Clyde, 25,920,000 

(opposite  Grovan  pier,  mid-stream. ) 

River  Clyde,     870,912,(X)0 

(same  water  after  standing  for  24  hours.) 

You  will  observe  the  enormous  increase  which  has  tak^i  place  in 
the  number  of  micro-organisms  present  in  the  Clyde  water  when 
it  is  allowed  to  lie  stagnant  for  a  short  time.  This  increase  can 
only  take  place  as  the  result  of  a  suitable  soil  for  the  development 
of  bacteria,  and  indicates  the  large  quantity  of  organic  matter 
which  the  water  must  hold  in  suspension.  I  have  made  similar 
examinations  of  Loch  Katrine  water,  allowing  it  to  stand  lot  a 
time  and  then  comparing  the  development  with  the  number  of 
colonies  originally  observed.     The  increase  was  extremely  slight. 
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Before  leaYing  this  part  of  mj  subject  I  show  you  here  some 
pure  caltivations  of  bacteria  taken  from  colonies  which  had  develop- 
ment as  the  result  of  the  examination  of  Loch  Katrine  water. 
They  belong  to  the  class  bacilli.  In  this  tube  you  see  a  whitish 
streak  coursing  along  the  sur&ce  of  the  nutrient  medium.  The 
jelly  itself  has  become  tinged  a  beautiful  bluish>green  colour,  and  for 
this  reason  the  organism  is  designated  the  green  bacillus  of  water. 
In  this  tube  ia  a  very  similar  bacillus;  it  is  growing  on  Agar 
Agar,  which,  like  the  other,  assumes  a  beautiful  greenish  tinge. 
If,  however,  this  bacillus  be  planted  upon  Koch's  jelly  it  rapidly 
liquefies  it.  On  these  two  potatoes  are  two  other  kinds  of 
bacilli  met  with  in  water,  the  one  from  its  characteristic  colour 
called  the  violet  bacillus,  and  the  other,  for  a  similar  reason,  the 
red  bacillus  of  water. 

As  to  the  import  to  be  attached  to  the  presence  of  bacteria  in 
water,  it  may  be  taken  as  an  approximate  truth  that  the  existence 
of  bacteria  involves  the  co-existence  of  organic  matter,  and  that 
the  number  of  the  former  is  pretty  much  in  direct  proportion  to  the 
quantity  of  the  latter — the  more  bacteria  the  more  organic  matter. 

The  methods  which  I  have  briefly  described  in  the  bacterio- 
logical examination  of  air,  earth,  and  water,  are  such  as,  in 
principle,  are  followed  in  the  investigation  of  all  other  matter, 
whether  solid  or  fluid.  By  thus  treating  blood,  secretions, 
excretions,  tissues  of  diseased  parts  or  organs,  we  are  enabled  to 
detect  the  existence  of,  and  to  isolate  for  further  examination,  the 
various  micro-organisms  associated  with  special  diseases.  In  this 
way  has  Koch  established  the  specificity  of  the  tubercle  bacillus ; 
Fehleisen  the  micrococcus  of  erysipelas,  and  others;  and  it  is 
thus  we  may  hope  yet  to  make  new  discoveries. 

Before  concluding,  I  should  say  that  I  have  in  front  of  me  a  few 
cultivations  of  some  of  the  bacteria  which  produce  special  diseases. 
They  are  technically  termed  pathogenic  orgamsms.  This  is  tlie 
anthrax  bacillus,  the  bacillus  of  splenic  fever  in  cattle,  wool-sorter's 
disease,  or  malignant  pustule,  growing  on  the  surface  of  Agar 
Agar,  and  potatoes;  it  develops  very  rapidly,  producing  a 
greyish-white  layer.  Its  growth  in  Koch's  jelly  ia  much  more 
diaracteristic.  When  the  needle  is  plunged  into  the  substance 
of  the  jelly,  a  faint  line  indicating  its  track  is  all  that  is  seen  at 
first;  but  in  the  course  of  a  day  or  two  very  delicate  needle-like 
processes  shoot  out  into  the  jelly  at  right  angles  to  the  line  of  the 
needle  puncture.     Subsequently,   as    the    baciUus    develops,    it 
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completely  liquefies  the  jelly.  Here  is  a  second  tube  containing 
one  of  the  commonest  organisms  found  in  pus.  It  is  called  from 
the  peculiar  grouping  of  its  cocci,  from  its  origin,  and  from  the 
colour  of  the  pigment  it  produces,  Staphylococctis  pyogenics  aureus. 
You  see  it  as  a  yellow  streak  on  the  surface  of  Agar  Agar;  and 
here  again  on  potatoes,  as  a  well-marked  golden  yellow  patch.  In 
this  tube  is  Koch's  "  comma  "  bacillus,  or  the  bacillus  of  Asiatic 
cholera  growing  in  a  manner  quite  peculiar  to  itself.  This,  again, 
is  Frsedlander's  pneumococcus,  the  organism  which  he  has 
described  as  the  cause  of  pneumonia ;  and  this  is  the  bacillus  of 
typhoid  fever. 

It  would  carry  me  far  beyond  the  limits  of  the  time  at  my 
disposal  to  do  more  than  simply  show  you  these  cultivations  which 
produce  disease ;  but  to  convey  to  your  minds,  with  some  sense  of 
conviction,  the  actual  potency  of  some  of  these  pathogenic 
microbes  when  introduced  into  the  animal  system,  I  wiU  give  one 
example. 

From  a  pure  cultivation  of  the  anthrax  bacillus,  such,  for 
instance,  as  I  have  shown  you  on  Agar  Agar,  Koch's  jelly,  or 
potato,  a  mouse  was  subcutaneously  inoculated,  that  is  to  say, 
some  of  the  bacilli  were  removed  from  the  surface  of  the  cultivating 
medium  by  means  of  a  platinum  needle,  and  inserted  beneath  the 
skin.  The  mouse  began  rapidly  to  sicken,  and  within  from 
twenty-four  to  forty-eight  hours  died.  The  internal  organs  were 
then  removed  and  placed  in  spirit.  When  sufficiently  hardened, 
sections  were  cut  and  obtained  for  microscopical  examination,  and 
it  was  then  found  that  the  various  vascular  channels  were 
crowded  with  bacilli  of  the  same  kind  as  those  inoculated.  We 
have,  then,  this  fact,  that  within  the  comparatively  short  time  of 
thirty-six  hours,  the  bacilli  have  circulated  through  the  system 
and  multiplied  to  such  an  extent  as  to  be  found  densely  packed 
in  the  blood  channels  of  every  organ  of  the  body.  This  drawing 
(Plate  X.,  Fig.  2),  taken  from  the  section  which  you  will  see  here 
under  the  microscope,  accurately  represents  the  condition.  The 
section  was  taken  from  the  liver.  The  part  stained  pink 
represents  the  liver  substance;  the  open  spaces,  the  blood 
channels;  and  the  blue  rod-shaped  bodies,  the  bacilli.  They  are, 
you  observe,  scattered  throughout  the  whole  section,  but  in  one 
or  two  places  they  exist  massed  together  like  solid  plugs. 

With  such  conclusive  evidence  as  this,  no  doubt  can  possibly 
be  left  in  the  mind  of  any  one  that  the  cause  of  the  disease  and 
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the  cause  of  death  were  in  some  way  intimately  associated  with 
the  bacilli  inoculated.  I  might  give  examples  equally  convincing 
of  other  kinds  of  organisms,  and  especially  from  my  own  domain 
of  surgery,  where,  it  is  not  too  much  to  say,  a  large  proportion 
of  the  cases  we,  as  surgeons,  are  called  upon  to  treat,  are  due  in 
one  way  or  another  to  microbes.  The  one  I  have  given,  however, 
is,  I  hope,  amply  sufficient  to  establish  the  sequence  of  cause  and 
effect  between  bacteria  and  certain  diseases. 

While  ii  has  not  been  my  intention  this  evening  to  do  more 
than  demonstrate  facts,  I  feel  I  can  hardly  leave  my  subject 
without  at  least  suggesting  the  train  of  thought  which  these  facts 
should  give  rise  to,  and  the  possible  inferences  that  might  be 
drawn.  Although  it  has  been  shown  that  air,  eai*th,  and  water 
alike  swarm  with  microbes,  it  must  not  be  concluded — as  it  often 
erroneously  is — that  all  the  various  organisms  are  necessarily  of  a 
nature  injurious  to  higher  organic  life — to  man  or  beast  Indeed, 
the  majority  have  been  proved  by  experiment  to  be  perfectly 
harmless,  and  some  even  to  be  of  actual  good.  A  tumbler  of 
turbid  water,  with  its  millions  of  innocuous  microbes,  might  be 
relatively  as  nutritious  as  a  basin  of  soup.  In  each  case  it  is  purely 
a  matter  of  cells.  In  the  one  they  are  single  and  of  supreme 
smallness,  in  the  other,  large  and  united  in  complex  combinations. 
We  might  divide  the  world  of  life  into  the  macroscopical  and  the 
microscopical:  the  one  seen  by  the  naked  eye,  the  other  by  the 
aid  of  the  microscope;  and  just  as  there  are  known  to  all 
to  be  constituents  of  both  the  animal  and  vegetable  kingdom, 
which,  in  the  more  obvious  world,  are  injurious  to  human 
life;  precisely  so  also  are  there  constituents  of  both  kingdoms 
in  the  less  obvious  or  microscopical  world  similarly  injurious 
to  our  existence.  A  cultivated  field,  or  better,  an  uncultivated 
one,  will  contain  numerous  species  of  plants,  the  majority 
of  which  would  prove,  as  food,  quite  harmless;  but  there 
might  exist  a  few  productive,  when  eaten,  of  dangerous  and 
even  fatal  results.  Just  so  is  it  with  these  myriads  of 
minute  organisms  which  the  bacteriologist  discovers  by  methods 
of  cultivation  and  the  microscope,  in  air,  earth,  and  water.  But 
in  the  analogy  between  these  two  worlds — as  I  have  ventured  to 
describe  them — there  are  still  further  important  factors,  and 
wherein  lie,  perhaps,  the  most  cogent  and  instructive  teaching  of 
the  subject  before  us.  They  are  two :  one  the  growing  together 
of  the  harmful  and  the  harmless;  and  the  other  that  the  same 
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soil  is  equally  suitable  for  both.  With  regard  to  the  microscopical 
world,  I  have  shown  you  both  innocent  and  injurious  bacteria 
growing  on  the  same  kind  of  cultivating  material:  the  Micro- 
coccus prodigiosus^  for  instance  —  a  bacterium  of  the  air,  and 
incapable,  so  far  as  we  know,  of  producing  any  kind  of  disease — 
growing  luxuriantly  upon  Agar  Agar,  Koch's  jelly,  and  potato; 
and  the  anthrax  bacillus — one  of  the  most  fatal — ^growing  pro- 
lifically  upon  precisely  the  same  media. 

Thus,  then,  with  these  minute  organisms,  as  with  all  others 
higher  in  the  scale  of  life,  one  primary  essential  for  active  develop- 
ment is  a  suitable  soil,  and  that  soil  may  be  as  conducive  to  the 
welfare  of  the  most  innocent  as  to  that  of  the  most  harmful  As 
I  have  already  indicated,  the  existence  of  a  large  number  of 
bacteria  means  the  co-existence  of  a  proportionately  large  quantity 
of  organic  matter;  and,  as  in  the  uncultivated  field,  there  will 
almost  certainly  spring  up  amidst  the  many  innocent  weeds  a  few 
that  would  possess  poisonous  properties,  so  are  there  only  too 
likely  to  be  found  in  an  abundant  organic  bacterial  soil  some 
microbes  at  least  capable  of  causing  disease.  So  long,  therefore, 
as  we  have  a  soil  capable  of  supplying  the  necessary  nourishment 
for  bacterial  development — and  in  proportion  also  to  the  amount 
of  that  soil — are  we  harbouring  conditions  conducive  to  the 
lighting  up,  maintenance,  and  extension  of  disease. 

If,  as  a  bacteriologist,  I  was  asked  to  express  in  as  simple  and 
practical  terms  as  possible  the  conditions  which,  in  domestic 
hygiene,  would  lead  me  to  believe  as  the  most  suitable  for  the 
growth  and  propagation  of  bacteria,  I  would  say  ill-ventilated, 
overheated,  crowded,  filthy  apartments.  If  your  worthy  Presi- 
dent was  asked  where  he  would  expect  disease  most  likely  to  arise 
and  spread,  he  would,  I  think,  give  the  same  answer  as  I  have 
given. 

Bacteria  and  certain  diseases  are  as  inseparably  associated  as 
water  and  steam ;  and  if  I  have  failed  to  make  this  clear  the  fault 
lies  with  me,  and  not  with  my  subject. 

I  fear  I  have  already  somewhat  transgressed  my  original 
intentions,  and  will  not,  therefore,  add  anything  further.  The 
importance  of  the  subject  I  have  brought  before  you,  as  con- 
cerning sanitation  and  general  medicine,  cannot  be  more  forcibly 
expressed  than  in  the  words  of  the  late  renowned  professor  of 
botany  at  Strasburg,  De  Barry,  "  a  large  part  of  all  health  and 
disease  in  tbe  world  is  dependent  on  bacteria." 
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Plate  IX.,  Fig.  1. — Plate  cultivation  of  micro-orgaaismB  existing  in  the  open 

air. 

Fig.  2. — Potato  cultivation  of  Micrococcus  prodigiosus. 

Fig.  3. — Micrococcus  prodigiosuB  growing  upon  Agar  Agar  jelly. 

Fig.  4. — Micrococcus  prodigtosua  growing  in  Koch's  beef  peptone 
jelly. 

Fig.  5. — Bacillus  of  green  pus  in  Koch's  jelly. 

Fig.  6. — White  micrococcus  from  air  upon  Koch's  jelly.' 

Fig.  7. — Pink  torula  from  air  upon  Koch's  jelly. 

Fig.  8. — ^Yellow  micrococcus  from  air  upon  Agar  Agar  jelly. 
Plate  X.,  Fig..  1. — Tube  cultivation  of  water. 

Fig.  2. — Anthrax  bacilli  in  liver  of  mouse. 
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XXIV. — The  Diddtone:  a  New  and  Portable  Musical  Instrununt^ 
having  Forks  of  Steel  for  its  Sound  -  Producers.  By  Mr. 
Thomas  Machell. 


[Read  before  the  Society,  2nd  May,  1888.] 


One  of  our  late  members,  Mr.  Walter  Macfarlane,  who  took  a 
kindly  interest  in  the  experiments  which  resulted  in  the  instrument 
submitted  to  the  Society  on  21st  January,  1885,  and  described  in 
Proceedings  of  that  year,  brought  under  my  notice  a  copy  of 
"  Fors  Clavigera,"  in  which  Mr.  Ruskin  speaks  of  the  want  of  a 
suitable  instrument  for  teaching  children  in  school  the  true  sounds 
within  the  octave.  On  page  260  he  says : — "  I  have  been  making 
experiments  with  a  view  to  the  construction  of  an  instrument  by 
which  very  young  children  could  be  securely  taught  the  relations 
of  sound  in  the  octave ;  unsuccessful  only  in  that  the  form  of  lyre 
which  was  produced  for  me,  after  months  of  labour,  by  the  British 
manufacturer,  was  as  curious  a  creation  of  visible  deformity  as  a 
Greek  lyre  was  of  grace,  besides  being  nearly  as  expensive  as  a 
piano.  For  the  present,  therefore,  not  abandoning  the  hope  of  at 
last  attaining  a  simple  stringed  instrument,  I  have  fallen  back— 
and  I  think,  probably,  with  final  good  reason — on  the  most 
sacred  of  all  musical  instruments,  the  '  Bell.' " 

What  I  have  now  read  led  me  to  consider  whether  the  principle 
of  my  invention  could  be  rearranged  in  a  portable  form,  and  the 
result  was  the  production  of  a  little  instrument  of  three  octaves. 
On  submitting  it  to  Mr.  Macfarlane,  he  expressed  himself  satisfied 
that  it  completely  realised  the  object  aimed  at,  and  very  kindly 
gave  me  an  order  to  make  one,  with  the  intention  of  presenting 
it  to  Mr.  Buskin.  Mr.  Macfarlane  desired  that  it  should  have  a 
plain  deal  case,  and  that  the  compass  be  restricted  to  the  notes 
most  required  in  teaching  singing  to  young  children  at  school. 
This  instrument,  which  has  a  compass  of  2^  octaves,  lowest  note  F, 
^T"^  when  completed,  could  not  be  shown  to  Mr.  Macfarlane, 
who  at  the  time  was  suffering  from  a  severe  illness,  culminating 
in  death  the  following  month. 

Not  being  satisfied  with  certain  details  of  the  mechanism,  which 
on  account  of  its  novelty  I  found  tedious  and  expensive  to  get 


Mb.  Thomas  Machell  on  the  DulcUofic  361 

made  satis£actoriIv  in  small  quantities,  I  gave  my  attention  to 
find  oot  how  I  could  best  adapt  and  utilise  the  appliances  already 
in  use  in  the  mechanism  of  an  ordinary  piano,  and  the  result  is 
the  instrument  that  I  shall  now  have  the  pleasure  of  submitting 
to  your  notice.  This  instrument,  which  I  have  named  ''The 
Dulcitone,"  has  a  compass  of  44   notes,    F  to  C,  $m 

and  has  been  designed  to  meet  the  want  now  generally  .f  ^^^ 

felt  of  a  portable,  keyboard,  percussion  instrument,  ffl  =: 

suitable  for  solo  playing,  for  use  in  combination  with  ^ 
other  instruments,  or  with  the  Toice;  as  an  auxiliary  to  the 
pianoforte  and  organ  for  the  practice  of  technical  studies, 
and  as  an  aid  in  teaching  children  to  sing  or  young  violinists 
to  play  in  tune.  The  sound-producers  are  square  rods  or  bars 
of  steel,  bent  to  the  form  of  tuning  forks  (without  shanks),  the 
forks  being  of  graduated  lengths  for  the  various  musical  notes. 
A  sound-board  is  placed  near  the  bottom  of  the  case,  having 
a  bridge  glued  thereon,  extending  horizontaUy  from  end  to  end. 
£ach  fork  is  connected  to  the  bridge  on  the  sound-board  by  a 
piece  of  thin  spring  steel  bent  to  the  form  of  a  semicircle,  and 
having  one  end  clamped  to  the  fork  by  means  of  a  pair  of 
small  plates  secured  by  screws,  whilst  the  other  end  is  held  by 
a  small  plate  screwed  to  the  bridge.  The  forks  are  additionally 
supported  and  kept  in  position  at  their  nodes  by  resting  in 
notches  on  a  suitably-cushioned  rail.  The  hammers  rest  on 
the  central  rail  of  the  key  frame,  which  is  cushioned  on  its 
underside.  The  butts  to  which  the  hammers  are  connected  are 
pivoted  in  the  usual  way,  and  fastened  to  the  drop  rail  of  the 
key  frame.  They  are  pressed  down  by  spiral  springs,  which  are 
also  fastened  to  the  drop  rail  Hinged  to,  and  depending  from, 
regulating  levers  placed  at  the  back  end  of  each  key  are  adjustable 
hoppers,  which,  acting  on  the  underside  of  the  butts,  cause  the 
hammers  to  strike  down  on  the  forks  when  the  keys  are  pressed. 
The  dampers  act  on  one  or  both  ends  of  each  fork,  and  are  con- 
nected by  bent  wires  to  hinged  levers,  which  latter  are  supported 
in  a  position  underneath  the  front  of  the  keys  by  a  wooden  rail. 
This  wooden  rail  also  carries  a  guiding  rail  through  which  the 
wires  connecting  the  dampers  and  keys  pass.  On  the  top  of  each 
wire  is  placed  a  cushioned  regulating  button.  A  hinged  rail 
placed  underneath  the  damper  levers  is  actuated  by  another  lever 
having  its  fulcrum  on  the  inner  front  of  the  case,  which  brings 
the  dampers  under  the  control  of  the  foot  by  means  of  a  cord 
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passing  through  the  front  part  q£  the  caae.  The  keys  are  in  aixe 
and  description  exactly  similar  to  those  used  in  pianofortes. 

The  dulcitone  in  a  solid  mahogany  case  is  nearly  an  exact 
duplicate  of  the  one  forwarded  to  Mr.  Ruskin  a  short  time  ago  by 
the  present  Mr.  Walter  Macfarlane,  who  most  kindly  desired  to 
carry  through  his  late  uncle's  intentions  in  this  matter. 

The  dulcitone  in  ornamental  case,  with  frets  and  extended  end, 
mounted  on  stand,  was  made  to  a  design  kindly  presented  to  me 
by  Mr.  G.  A.  Audsley,  F.R.I.B.A.,  of  Devon  Nook,  Ghiswick,  a 
gentleman  who  takes  a  friendly  interest  in  my  work,  and  to  whom 
I  am  indebted  for  several  valuable  hints. 

To  Mr.  Thomas  Jowitt,  of  Sheffield,  I  am  also  indebted  for 
valuable  aid  in  ascertaining,  by  experiment,  the  most  suitable 
character  and  quality  of  steel  for  my  purpose. 

Shown  in  illustration  of  this  paper — 

1.  A  sectional  model  of  the  instrument  described  in  Proceedings 
for  1885. 

2.  Instrument  in  mahogany  case-— compass,  3  octaves. 

3.  Instrument  in  plain  deal  cas^— compass,  2^  octaves. 

4.  Dulcitone  as  described  to  the  Society. 

5.  Dulcitone  in  ornamental  case,  made  to  the  design  of  Mr. 
G.  A.  Audsley. 
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XXV. — On  the  application  of  Wind  Power  to  the  generation  wnd 
storage  of  Electricity,     By  Professor  Jam£S  Blyth,  M.A., 


[Read  before  the  Society,  2nd  May,  1888.] 


In  comxQon,  I  daresay,  with  many  other  persotis,  I  have  felt,  for 
some  time  past,  that  the  power  of  the  wind  was  not  sufficiently  taken 
advantage  of  for  the  purpose  of  generating  and  storing  electrical 
energy ;  and,  in  the  course  of  last  summer,  I  determined  to  make 
some  experiments  to  test  the  point  in  a  practical  way.  These 
consisted  in  the  erection  of  a  small  windmill  for  supplying  electric 
light  by  means  of  storage  cells,  to  a  small  cottage  in  the  village  of 
Marykirk,  Kincardineshire,  where  I  usually  spend  my  summer 
holiday.  The  mill  was  finished  and  working  about  the  end  of 
July,  1887. 

The  windmill  is  of  the  old  English  type,  and  is  erected  in  the 
garden  so  as  to  have  the  best  available  exposure  to  the  wind, 
although  this  is  not  so  good  as  cordd  be  desired,  and,  indeed,  in  most 
places  could  easily  be  obtained  The  tower  consists  of  a  wooden 
tJipod  firmly  fixed  in  the  ground  and  strongly  braced  together  by 
bars  of  wood.  The  windshaft  stands  about  33  feet  above  ground, 
and  carries  four  sail  arms  at  right  angles  to  each  other,  each  being 
about  13  feet  long.  The  canvas  sails  are  attached  to  the  arms,  or 
whips,  and  are  supported  by  sail  bars  in  the  usual  way.  By  means 
of  bevel  wheels  the  windshaft  gives  motion  to  a  long  vertical  shaft, 
from  which,  again,  by  bevel  wheels,  the  motion  is  communicated 
to  a  horizontal  axis  which  carries  a  fiy-wheel,  10  feet  in  diameter, 
and  which,  of  course,  moves  in  a  vertical  plana  The  dynamo,  an 
old  form  of  Btirgin,  is  driven  directly  from  the  fly-wheel  by  means 
of  a  rope,  and  a  workable  speed  is  attained  even  when  the  wind- 
mill moves  at  a  comparatively  slow  speed.  The  current  from  the 
dynamo  is  employed  to  charge  12  E.P.S.  storage  cells,  which  supply 
the  incandescent  lamps  in  the  cottage.  As  yet  I  have  only  used,  at 
one  time,  10  eight-candle  power  25-volt  lamps,  but  I  find  that 
storage  for  more  can  be  quite  easily  obtained.  One  day  last  summer, 
when  a  good  breeze  was  blowing,  I  stored  as  much  in  half  a  day 
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AS  gATC"  me  light  for  four  evenings,  about  three  or  four  hours 
each  time.  As  jet,  however,  I  have  not  had  time  or  opportunity 
to  test  f  all  V  the  capabilities  of  my  arrangement.  For  one  thing,  I 
require  a  more  suitable  dynamo  and  a  much  greater  storage 
ca)>acit  r,  so  as  to  take  advantage  of  all  the  wind  that  blows ;  and 
whi'n  this  is  done  I  have  no  doubt  whatever  regarding  the  complete 
suc<>os5s  of  my  experiment 

Whilo  charging  the  current  passes  through  a  cut-out  arrange- 
m<'ntK  which  immediately  disconnects  the  cells  from  the  charging 
oircuit  when  the  dynamo  runs  below  a  certain  speed.  In  this  way 
th^c  windmill  can  be  allowed  to  run  day  and  night,  as  it  will  only 
st<vre  wht^n  a  certain  speed  is  attained,  and  the  cells  are  effectually 
|Mv>^^nt<Hi  fu>m  discharging  themselves  through  the  dynamo,  even 
nUouKi  it  stojv 

I  u^AV  mention  that  on  several  occasions  I  have  used  the  stored 
o.tvtnouy  to  dn>*e  a  small  turning  lathe  in  my  workshop,  and 
iU,^t  I  l^To  Iv^iu  to  make  a  light  form  of  carriage  to  be  driven 
l\>  the  sanws  ^  that  I  am  in  hope  of  having  some  day  a  drive  by 
m«\^i\s  of  Moroni  wind  eneny. 

t>no  d,^\\  dr.ring  l*s.t  Christmas  holidays,  there  was  a  good 
1mvh^px\  {*^d  \  ;ncii  for  curiosity,  the  experiment  of  direct  lighting 
fi>\>n  (4)0  «i\  ni^nH>  ^  ithout  the  use  of  storage  cells,  the  lamps  being 
Uivr»M<>i  ;^s.  a  si;«nm  from  the  brushes.  A  fairly  steady  light  was 
oUu^^,r,<\i  frvMn  oi^lu  »awi^  and  the  risk  of  burning  them  up  was 
aN\>uuM  b>  insin^;ir.g  two  lamjis  of  higher  volts. 
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XXVI. — On  the  Electrical  Resistance  of  Slate  and  Marble  and 
other  Materials^  with  reference  to  their  use  in  Electric  Light 
FiUvngs,     By  Thomas  Shields,  M.A. 


[Read  before  the  Society,  2iid  May,  1888.] 


The  subject  of  my  remarks  is  one  that  not  only  possesses  the 
theoretical  interest  which  attaches  to  the  publication  of  fresh 
information  on  any  subject,  but  is  also  practically  interesting  in 
connection  with  its  relation  to  electric  lighting. 

It  would  be  difficult  at  the  present  moment  to  forecast  the 
issue  of  the  struggle  between  the  partisans  of  the  transformer 
system,  and  those  of  the  accumulator  system,  of  electrical  dis- 
tribution ;  but  if,  as  is  not  ^t  all  unlikely,  the  transformer  system 
comes  to  be  established,  as  for  many  purposes  at  once  the  most 
convenient  and  most  economical  system  for  the  distribution  of 
electricity,  then  it  is  obvious  that  the  question  of  good  insulation 
in  the  circuit  will  become  one  of  even  greater  importance  than  it 
is  at  present.  A  system  of  insulation,  for  example,  which  was 
found  quite  satisfactory  with  a  working  potential  of  100  volts, 
might  speedily  show  signs  of  weakness  and  break  down  under  a 
potential  of  3000  volts. 

The  first  point,  of  course,  in  the  insulation  of  an  electric  circuit 
to  be  looked  to  is  the  insulation  of  the  leads,  but  that  forms  no 
part  of  my  subject.  The  next  point  is  the  insulation  of  any  break 
or  interruption  in  the  leads,  and  it  is  here  we  find  that  faults  by 
far  most  frequently  occur  and  insulation  breaks  down.  It  is  not, 
as  a  rule,  in  the  insulation  of  the  conductors  themselves  that 
faults  occur,  but  in  the  insulation  of  the  switches,  fuses,  cut-outs, 
electrical  measuring  instruments,  &c.,  that  are  inserted  in  the 
circuit.  On  the  authority  of  Mr.  Addenbroke,  at  least  95  per  cent. 
of  the  faults  that  occur  have  this  origin.  It  is  most  important, 
therefore,  to  ensure  that  there  is  good  insulation  in  these  cases. 
The  materials  that  have  been  chiefly  used  to  secure  this  are  slate 
and  porcelain.  The  latter  is  open  to  the  very  serious  objection 
of  being  easily  cracked  and  broken.  There  are  objections  also  to 
the  use  of  slate,  which  will  be  considered  later  on.  Its  cheapness, 
however,  together  with  its  cleavage,  which  renders  it  capable  of 
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K:r^  <*sr.T  5rlit  into  slabs*  and  the  oomparative  ease  with  which 
It  x-tjLT.  ':<  w.'rit^  cener&liT,  have  gone  far  to  bring  slate  into 
Uvv^ir  for  tlis  pan^^se.  The  object  of  the  investigation,  the 
nfs::i*.rs  oc  wi::^  I  hoy  set  before  joa,  was,  in  the  first  place,  a 
*>'  :<""-niLA:6:.r^  CJtxi  enoiL^  for  practical  purposes,  of  its  merits 
AS  4.r.  !->•>»:  r-r  c:nipjkr«d  with  other  materiab  which  might 
vVcvyf.7.Str.:-j  ^  -i^  for  the  same  purpose. 

As  r^ckris  ibe  rdetlK>is  of  measurement,  I  adopted  those 
w>.:^-*±  are  in  <c«r.-.=:ra  use  in  cable-testiDg.  When  the  resistance 
w^iks  AKKr.narfcrixvI^T  k>w  h  was  measured  by  means  of  a  hiirh- 
K«3$c:jk;K>^  aLirrw  ^rxlTacioiefer  by  comparison  with  a  known 
rft!Csc3L?sry-.  Tbe  cv^ckiiectioos  of  the  apparatus  used  are  shown  in 
F.£   1,  r:At<?  XL 

T^ji^  lytiosCAAv'^^  td  W  c^tftsaned  is  denoted  by  R ;  C  C  are  two 
^vc^.tAv*^  r^v>»  tffi  «>aal  ai«a :  G  is  the  galyanometer,  and  8  an 
*.v:::>93^S>  Tyt>':>^;&r.v>f  arranx^  as  a  shunt  between  the  terminals 
\>f  t>}f  p:iL>i^iu&0BM:^^ :  F  is  tie  battery,  and  K  an  ordinary  make- 
a.r}.)-^c^MJ;  k^r.  O^  dorrvissinir  the  key«  the  oorrent  which  pinnni 
t>7vxu\H  K  is  f::Mis;:r«d  r-y  the  ^\mnometer;  R  is  then  i^laoed 
Sy  a  k'rv^'s  r%'^':>:«Ar.^'>fi.  Jir^i  \he  current  which  passes  throu^  it  is 
«:>Adk>%r^i  W>  ti;»  c£4  a  A>rspar:<cin  of  the  two  rasistances  by 
A'yR'viiri'^jt  ?>>f  «:r?Yr.is  w^iicii  tte  ssoue  eiectro-motiye  foroe  giyes 
»r«  i.>>^  rtTv;;:T*  o*  »  r^.-i  tb^y  s:u\>3Saiiveiy  form  part 

Ij^  K  «W<rs>^  iSf  «v.5ef\i'?M«e  of  fc-tectial  between  the  t^minals 
v'C  :.V  \v;^^>^^  ,  Iv  ;lf  re<is:Ar.vV  lo  t^»  mt^asnred;  G,  the  resistance 
ctf  il'w'  cj^v^iir^.'tfxk-i^r :  a::>a  il.  the  dt-d^ction  obtained  when  the 
pi,x:fcrt*^>r«^»r  is  sk\;T,tsM  w::h  a  resicsiauice,  S :  and  let  R,,  S|,  and 
<•,  ^v'tiv^r^  ;ft^  <v>rfy<s:rvc:iir*c  «jv;ai:iities  wh^i  the  unknown 
rx:*s>>?o4SKVv  K^  w  r*x^Uo5^i  br  u*x»  ki>owB  rKisumoe,  R,. 
2>;:r:v>>*<*  th^t  s,v^  «:;:r.t  is  ttsM,  tien  the  current  which 


:>.^»^;.-h  ;}>e  pi'x.v^jv'vr.'ftor  ^ill  be  <v)i:al  to    -  :   but  when  the 

R' 

f?Al\^^vM:>of<>r  ts  ;f^«:r.t^i   witi:  a  KiastaBoe.  &  the  current  will 

*;:x>atv  a^i  i-.*^  i-kwr?  mtiok  i>jis^-^  tliTvxsch  the  salyanom^a-  will 

W  ^uV.  t«v^    /^     ^  X    \     A:>i  sdn.v  tbo  ot Section  on  the  scale  is 

|w^vwuvv)al  io  ii»^  <ninni«;i  t>  hi*"i  i>asses  ibrc«di  the  gaivanometer, 
we  «o<  the  «v)uai>iva-- 


«rsi*w  C  is  a  <v>i^.si;u)i  o^,>ji:'j:^;\ 


^  ..        ^.    V.J.  -  ,1^ 
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Bimilarlj,  when  the  known  resistance  is  inserted  in  the  circuit 
we  have— 

^      xf-^Cxd^, (2) 


Si  +  G     R, 

Hence,  combining  these  two  equations,  we  get — 

St  E 

Si  +  G  ^R,_Cxdi  . 

S         E""Cl^^ ^'^^ 

S  +  G  ^  R 

Solving  equation  (3)  for  E,  we  have — 

c^xRi  xSx^S^+G)  ... 

^-       (ixS,x(S  +  G)     '  -         -         -         -         W 

which  gives  us  It  in  terms  of  known  quantities,  and  we  can  thus 
proceed  to  calculate  it.  This  value,  K,  is  obviously  directly 
proportional  to  the  area  of  the  contact  pieces,  and  inversely 
proportional  to  the  thickness  of  the  material  between  them.  The 
specific  resistance,  therefore,  or  resistance  per  cubic  centimetre  of 

Rx  A 

the  material,  will  be  equal  to  — ^ — ,  where  A  is  equal  to  the  area 

of  contact  in  square  centimetres,  and  /,  the  thickness  in  centi- 
metres. Hence,  if  the  resistances  are  given  in  obms,  the  resistance 
between  two  opposite  faces  of  a  cubic  centimetre  of  the  material 

will  be  equal  to  — -, —  ohms. 

Some  of  the  materials  tested,  however,  had  too  high  a  resist- 
ance to  give  a  readable  deflection  on  the  galvanometer  scale,  and 
these  had  to  be  measured  electro-statically  by  the  quadrant  electro- 
meter. The  method  of  joining  up  is  shown  in  Fig.  2.  A  quadrant 
electrometer,  Q,  a  standard  condenser,  K,  and  the  resistance  to  be 
measured  and  contact  pieces  (which  form  a  condenser),  B,  are  all 
joined  up  in  parallel  with  the  charging  condenser,  C,  so  that  one 
side  of  the  apparatus,  being  joined  to  earth,  is  always  at  zero 
potential,  while  the  other  side  is  insulated  perfectly  in  every 
respect  except  as  regards  R,  the  insulator  whose  resistance  is  to 
be  measured.  The  insulated  side  is  charged  by  depressing  the 
key,  k.  Contact  is  made  for  half  a  minute,  and  the  deflections  on 
the  electrometer  scale  are  noted  every  half  minute  thereafter. 
We  thus  get  the  time-rate  of  the  leakage  through  the  insulator,  R. 
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TABLE  I. 


Harks. 

1 

Material. 

1 

SPBCinO  RZSISTAKCR. 

In  Megohms. 

In  C.6.S.  Units. 

I. 

II. 

111. 

IV. 

V. 

VL 

VU. 

Slate,        .... 
Slate,        .... 
Serpentine, 

Carboniferous  limestone,  - 
Black  marble,  • 
Fluorite,   .... 
White  marble, 

14-84 
18-5 
4615 
265 
1027 
4285 
7998 

1484x10" 
1860x10" 
4616x10** 
2650xl0»* 
1027  X 10* » 
4285x10" 
7998x10" 

The  noticeable  feature  of  these  results  is  the  comparatively  low 
resistance  of  slate  and  the  very  high  resistance  of  common  white 
marbla  The  high  insulation  of  the  fluorite  may  have  been  partly 
due  to  the  fact  that  the  specimen  tested  was  polished  on  both 
sides,  but  I  have  been  unable  as  yet  to  verify  this. 

The  same  specimens  were  then  baked  for  three  hours  over  a 
sand-bath  and  again  tested.  As  I  have  mentioned  already,  these 
preliminary  experiments  were  for  the  purpose  of  arriving  at  a 
speedy  determination  good  enough  for  practical  purposes,  and, 
consequently,  no  means  were  adopted  to  ascertain  the  temperature 
of  the  slabs  when  their  resistance  was  measured^  It  was  greater^ 
however,  than  under  ordinary  conditions  they  would  be  subjected  to 
in  practice,  and,  inasmuch  as  each  specimen  was  subject  to  exactly 
the  same  treatment,  the  figures  in  Table  11.  may  be  regarded  as 
comparable  to  a  great  extent. 

TABLE  IL 


Marks. 

Material. 

Specific  Bxsistancb. 

Megohms. 

C.G.8.  Units. 

I. 

IIL 

V. 

Vll. 

Slate,    .... 
Serpentine,  - 
Black  Marble, 
White  Marble,      - 

8-7 

37  0 

20,0000 
1 

19,0000 

87  X  10* ♦ 
37  X  10" 
20  X  10*« 
19  X  10" 
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The  Tvrioas  materuJs  were  next  subjected  to  a  process 
of  paraffining.  They  were  sospended  in  boiling  paraffin  for  about 
six  Imnus  in  sudb  a  way  that,  while  the  under  surface  was 
immosed  in  die  paraffin,  the  balk  of  the  slab  was  exposed  to  the 
air.  By  this  amngement  it  was  hoped  that  the  air  and  moisture 
in  the  variovB  slabs  would  be  otHnpletely  expelled  by  the  parafiEn. 
The  success  of  this  process  varied  considerably  with  different 
materials^  and  this  point  is  particularly  interesting  in  view  of 
some  remarks  made  recently  relative  to  this  subject  at  a  meeting 
of  the  Society  of  Telegnf»h  Engineers  and  Electricians.  It  was 
in  the  discussion  a  few  months  ago  on  Mr.  Gockbnm's  paper  on 
*^  Safety  Fuses;**  in  which  Mr.  Crompton  stated  that  slate  when 
soaked  in  paraffin  made  an  almost  perfect  insulator.  Instead  of 
this  I  found  that  slate  scarcely  absorbed  paraffin  at  all:  the 
paraffin^  indeed,  owing  to  sur&ce  action,  soon  overspread  the 
slate,  but  it  did  not  penetrate  into  the  material  And  so,  indeed, 
it  was  found  when  the  paraffin  was  removed  from  the  surface  and 
the  slate  again  tested,  that  the  resistance  remained  the  same  as  it 
was  when  in  the  normal  condition.  Consequently,  it  was  on  the 
thin  coating  of  paraffin  that  Mr.  Crompton  had  to  depend  for  his 
insulation,  and  not  on  the  slate  itself.  It  was  found,  moreover, 
that  seq^ntine  absorbed  the  paraffin  only  to  a  very  slight  extent, 
but  that  white  marble  readily  absorbed  it.  In  the  latter  case 
there  was  another  curious  and  also  practically  important  effect  <^ 
the  paraffining  process,  which  had  a  hardening  effect  on  the 
marble,  rendering  it  much  less  easily  breakable.  The  effects  of 
the  paraffin  on  the  insulating  qualities  of  the  various  materials 
are  sliown  in  Table  III. 


TABLE 

IIL 

1 

1 

1 

Marks. 

MaterU] 

SpKcinc  Kesutascb. 

1 

1 

Megohm*. 

1 
C.G.S.  Unlta.      j 

I. 

Slate, 

14 

.      14  X  10»»     ' 

ra. 

Serpentine, 

S3 

,     83  X  10»» 

1 

V. 

1 

•    Black  marble,   - 

8,000 

80  X  10** 

VII. 

White  marble,  - 

5,000,000 

50  X  10«*     . 
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All  these  figures  point  to  .the  superiority  of  marble  as  an  insul- 
ator, and  there  is  no  reason  against  its  occupying  the  place  which 
slate  at  present  holds  in  electric  light  fittings,  and  almost  every 
reason  in  its  favour.* 

Although  valuable  from  a  practical  point  of  view,  the  figures 
which  I  have  given  do  not,  however,  represent  the  true  insulating 
value  of  the  materials,  inasmuch  as  the  measurements  were  made 
in  the  presence  of  some  moisture  at  least,  or  else  of  paraffin.  My 
next  object,  therefore,  was  to  get  rid  of  moisture  entirely  and 
secure  a  measurement  which  would  represent  the  specific  resistance 
of  the  materials  themselves.  The  arrangements  made  to  effect  this 
are  shown  in  Fig.  3,  which  sufficiently  explains  itself.  Arranged 
as  before,  the  insulator  and  contact  pieces  are  enclosed  in  a  tin-plate 
box,  which,  in  its  turn,  is  enclosed  in  a  sand-bath.  The  conductor 
from  one  of  the  contact  pieces  is  led  through  a  wide  glass  tube  to 
the  insulated  quadrants  and  the  other  conductor  is  led  to  earth. 
The  arrangements  for  testing  are  the  same  as  those  shown  in  Fig. 
2.  The  apparatus  in  Fig.  3  was  heated  up  to  about  200'  C.  and 
kept  at  that  temperature  for  some  houra  All  the  moisture 
expelled  from  the  insulator  was  absorbed  by  strong  sulphuric  acid 
placed  in  a  vessel  in  the  inner  box.  As  the  insulator  was  allowed 
to  cool,  readings  were  taken  at  intervals,  and  the  specific  resistance 
at  various  temperatures  deduced.  The  curves  in  Fig.  4  are  plotted 
from  the  values  obtained  for  slate  and  marble  at  various  tempera- 
tures, and  may,  I  think,  be  regarded  as  giving  the  specific  resistance 
at  those  temperatures  of  the  materials  themselves  free  from 
moisture. 

Finally,  it  may  be  interesting  to  observe  how  these  materials 
compare  as  insulators  with  glass.  Table  TV,  gives  the  specific 
resistance  at  100^  C.  of  slate  and  marble  and  some  kinds  of  glass, 
varying  in  density  and  percentage  composition.  The  figures  for 
glass  in  this  Table  are  taken  from  Messrs.  T.  Gray  and  J.  J. 
Debbie's  paper  "On  the  Electrical  Qualities  of  Glass,"  in  the 
Proceedings  of  the  Royol  Society  for  1884. 

*  SiDce  this  paper  was  read  the  President  of  the  Vienna  Society  of  Elec- 
tricians, who  officially  inspected  the  underground  system  in  connection  with 
the  lighting  of  the  Burg  Theatre,  Vienna,  recently  completed,  has  stated 
that  the  only  defective  insulation  in  the  system  existed  in  the  slate  sup- 
ports of  the  cut-outs,  and  of  the  other  apparatus  of  this  kind. 
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Report  of  the  Societt's  Hepbesentatiye  at  the  Glasgow  and 
West  of  Scotland  Technical  College. 


[Bead  before  the  Society,  2nd  May,  1888.] 


John  Mayer,  Esq.  2nd  May,  1888. 

Dear  Sir, — For  the  information  of  the  President,  Council,  and 
Members  of  the  Philosophical  Society,  I  beg  to  report  that,  as  the 
representative  of  the  Society,  I  have  attended  thirty*three  meetings 
of  the  Governors  of  the  Glasgow  and  West  of  Scotland  Technical 
College. 

The  amalgamation  of  old  and  rival  institutions  has  necessarily 
been  a  work  of  time  and  labour,  but  I  am  now  glad  to  report  that 
my  able  colleagues  are  working  in  a  most  harmonious  way  for  the 
interests  of  the  College,  and  that  much  excellent  work  has  been 
done  in  extending  the  scope  and  number  of  the  classes,  both  in  the 
day  departments  and  evening  class  departments  of  the  College 
proper,  and  in  the  School  attached  to  the  College  known  as  ''Allan 
Glen's." 

In  regard  to  the  latter,  extensive  additions  have  been  arranged 
for  the  Buildings,  and  also  much-needed  repairs  and  additions  of 
apparatus  have  been  made  both  in  the  Bath  Street  and  the 
Andersonian  Buildings. 

The  attendance  at  the  classes  during  the  present  session  has 
been  quite  as  large  as  anticipated  by  the  Governors. 

It  is  hoped  that  the  generous  support  of  the  public  will  be 
forthcoming  in  providing  funds  for  improving  the  position  of  the 
College  as  regards  its  buildings,  which  are  far  behind  those  of 
other  towns  in  appearance  and  accommodation  for  the  students, 
a  finer  body  of  whom  scarcely  exists  in  the  United  Kingdom, 
measured  by  their  success  at  examinations. 

Finally,  I  have  to  draw  attention  to  the  now  Calendar  of  the 
College  which  will  shortly  be  issued,  and  which  embodies  the 
arrangements  for  the  new  session  and  thereafter,  the  details  of 
which,  especially  as  regards  the  various  curricula  for  diplomas, 
have  had  a  deal  of  our  anxious  consideration. 

Yours  faithfully, 

J.  J.  COLEMAN. 
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Report   of   Delegate   to   the   British   Associatiok- 

Manchester,  1887. 


[Communicated  to  the  Society,  2nd  May,  1888.] 


Last  Session  the  Council  of  this  Society  appointed  its  former 
President,  Dr.  Muirhead,  its  delegate  to  attend  the  Meeting  of 
the  British  Association  at  Manchester.  Dr.  Muirhead  was  not 
in  his  tisual  health,  and  he  desired  me  to  act  as  delegate  for  him. 
This  I  did,  and  I  have  now  to  make  a  short  report  of  the  chief 
business  at  the  meetings  of  the  delegates  of  the  Corresponding 
Societies  of  the  British  Association.  The  official  report  of  the 
proceedings  may  be  seen  in  the  "  Report  of  the  British  Asi^ocia- 
tion"  for  the  year. 

These  annual  meetings  of  delegates  from  scientific  societies 
were  arranged  three  years  ago  for  the  purpose  of  securing  more 
co-operation  amongst  local  societies  than  had  existed  previously, 
and  of  directing  their  work  to  a  number  of  desii'able  subjects, 
which  could  be  wrought  out  best  under  a  common  plan. 

The  subjects  referred  to  at  the  meetings  of  delegates  I  shall 
arrange  under  the  different  sections  to  which  they  belong.  There 
were  two  meetings  and  thirty-two  delegates,  of  whom  seven  were 
from  Scotch  societies. 

I.  Physics. 

Temperature  Variation  in  Lakes,  Rivers,  and  EUvMries, — 
Societies  situated  in  the  neighbourhood  of  these  might  do  useful 
work  by  getting  some  of  their  members  to  take  daily  or  weekly 
observations  of  temperature.  Rules  are  to  be  drawn  up  for  this 
purpose,  and  observers  willing  to  undertake  the  work  are  desired 
to  communicate  with  Dr.  J.  Murray,  Secretary  of  this  Committee, 
"  Challenger  "  Office,  Queen  Street,  Edinburgh. 

Earth  Tremors, — Professor  Lebour  said  that  Corresponding 
Societies  might  do  good  work  by  establishing  a  great  network  of 
seismoscopes  and  seismographs.  A  seismoscope  could  be  bought 
for  £2,  and  a  seismograph  for  £25.  The  Secretary  of  this  Com- 
mittee, Professor  Lebour,  College  of  Physical  Science,  Newcastle* 
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on-Tyne,  said  he  would  be  glad  to  oommnnicate  with  anyone 
interested  in  the  subject. 

n.  Gbology. 

Underground  Water, — ^information  is  required  as  to  '*  depth  of 
wellS)  sections  passed  throngh,  the  height  at  which  water  stands 
before  and  after  pumping,  daily  records  of  height,  and  chemical 
analysis  of  water."  Circular  forms  of  inquiry  can  be  obtained 
from  C.  E.  de  Eance,  28  Jermjm  Street,  London,  S.W. 

Erratic  Blocks, — Size,  character,  and  position  should  be  marked 
on  one-inch  Ordnance  Map.  Circular  forms  of  inquiiy  of  Rev. 
Dr.  H.  W.  Crosskey,  117  Gough  Eoad,  Edgbaston,  Birmingham. 

Sea  Coasts  Erosion, — Particulars  and  forms  of  inquiry  are 
supplied  by  William  Topley,  28  Jermyn  Street^  London,  S.W. 

IIL  Biology. 

Life-Histories  of  Plants,  —  A  letter  was  read  from  Professor 
Bayley  Balfour,  in  which  it  was  urged  that  much  good  scientiHc 
work  might  be  done  by  local  societies  by  encouraging  their 
members  to  '-study  the  life-histories  of  indigenous  plants  in 
their  entirety,  that  is  to  say,  from  the  stage  of  embryo  in  the 
seed  up  to  the  production  of  fruit  and  seed  again."  As  examples 
of  contributions  of  such  a  kind,  those  of  Lubbock,  Hermann, 
Miiller,  Kemer,  and  Ogle  were  mentioned,  and  special  attention 
was  directed  to  the  work  done  by  Wydler  and  Irmisch  on  the 
native  plants  of  Germany. 

Provincial  Museums. — The  Committee  had  been  engaged  col- 
lecting particulars  of  museums  out  of  London,  and  they  intend 
to  visit  all  the  local  museums  of  Germany,  France,  and  America, 

IV.  Anthropology. 

Prehistoric  Remains. — Good  service  could  be  rendered  by  in- 
ducing proprietors  of  such  remains  to  communicate  with  General 
Pitt-Rivers,  the  Inspector  of  Ancient  Monuments,  4  Grosvenor 
Gardens,  London,  S.W.,  with  the  object  of  placing  these  remains 
under  government  protection.  This,  the  Chairman  said,  applied 
particularly  to  Scotland.  The  recommendations  General  Pitt- 
Rivers  wished  to  make  were  these: — Local  societies  should  (1) 
report  to  him  what  monuments  in  their  district  they  think  worthy 
of  being  put  under  the  Act;  (2)  they  should  send  him  the  names 
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and  addresses  of  the  owners;  (3)  they  should  communicate  with 
the  owners,  and,  if  possible,  obtain  their  consent  to  have  the 
monuments  placed  under  the  Ancient  Monuments  Act;  and  (4) 
thej  should  report  to  him  anj  damage  being  done  to  such  monu- 
ments, or  contemplated.  With  such  assistance  he  thinks  much 
more  rapid  progress  may  be  made. 

W.  C.  Crawford. 


REPORTS  OF  SECTIONS. 

SESSION  1887-88. 
[deceived  at  MMtiug  of  Society  on  2iid  Uay,  1888.] 

1.  Report  of  the  ARCHiTE<7ruRAL  Section. 

DuriDg  tbe  Session  oigbt  Meetings  have  been  held,  at  which 
nine  papers  have  been  read.  Tbe  following  is  a  list  of  the  papers 
read  at  the  Meetinga : — 

Monday,  November  14,  1887. — Opening  Meeting,  when  Mr. 
Jamea  Thomson,  architect,  F.R.LB.A.,  President  of  Section, 
gave  his  Address,  subject,  "  Bemarks  on  tbe  Architectare  of 
Glasgow  during  the  past  Fifty  Years," 

Monday,  N<ivemher  28,  1887. —  Mr.  Fmncis  H.  Kewberry, 
Glasgow  School  of  Art,  read  a  paper  on  "The  Training  of 
Architectural  Students." 

Monday,  Deceinber  12,  1888.— Mr.  T.  L.  Watson  read  a  paper 
on  "Fire  Prevention  and  exits  from  Public  Buildings." 

Monday,  January  16,  18SS.— Mr.  George  H.  Laird,  wright, 
read  a  paper  on  "  Wright  Work ;"  and  ilr.  Alexander  Brown, 
plumber,  read  a  paper  on  "  Plumber  Work,  Past  and  Present," 

Monday,  January  30,  1888.— Mr.  Thomas  Gildard,  architect, 
read  a  paper  on  "  Greek  Thomson." 

Monday,  February  13,  1888.— Mr.  Robert  Brjdall,  St.  Geoi^e's 
Art  School,  read  a  paper  on  "  Early  Sculpture  in  Scotland." 

Monday,  February  27, 1888.— Mr.  Hany  W.  Chubb,  of  London, 
read  a  paper  on  "Ancient,  Mediteval,  and  ^'"^ —  t-.i...  ^^a 
Keys." 

Monday,  Mareli  12,  1888.— Mr.  Andrew  Bl 
"  Iron  Construction  as  adapted  to  Building  Pi 

The  thanks  of  the  Section  are  due  to  all  the 

During  the  Session  10  Associates  joined  thi 
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The  Annual  Business  Meeting  was  held  on  Monday,  March  12, 
when  the  following  gentlemen  were  elected  to  office: — 

President — Mr.  James  Thomson,  architect. 

Vice-Presidents — Mr.  Thomas  Gildard  and  Mr.  R.  A.  M'Gilvray. 

Treasurer — Mr.  James  Howatt. 

Secretary — Mr.  A.  Lindsay  Miller,  architect. 

Members  of  Council — Messrs.  James  Sellars,  architect;  David 
Thomson,  architect;  T.  L.  Watson,  architect;  David  MacBean, 
architect;  James  Chalmers,  architect;  William  Howatt,  measurer, 
Alexander  Muir,  builder;  William  Gilfillan,  marble  cutter; 
Andrew  Black,  smith;  William  Cairns,  plumber. 

(Signed)    A.  Lindsay  Miller, 

Hon.  Secy,  of  Section, 
121  West  Reoext  Street. 


2.  Report  of  the  Geographical  and  Ethnological  Section. 

Two  papers  from  the  Section  were  read  before  the  Society 
during  the  Session.  The  first  was  on  ^^Burmah,"  by  Mr.  A. 
Colquhoun.  This  was  read  at  a  joint  Meeting  of  the  Society  and 
the  Chamber  of  Commerce,  held  in  the  Hall  of  the  Society,  on  the 
evening  of  Friday,  11th  November.  It  was  illustrated  by  a 
number  of  lime-light  views.  The  second,  on  "The  River  Plate 
System,"  by  Mr.  John  Galloway,  was  read  at  the  Society's 
Meeting  on  7th  March,  and  is  printed  in  the  Proceedings.  In 
addition  to  these,  two  Meetings  were  held  under  the  arrangement 
for  holding  joint  Meetings  with  the  Glasgow  Branch  of  the 
Scottish  Geographical  Society,  at  which  the  following  papers 
were  read: — 1st,  **The  Antarctic  Regions,"  by  Mr.  A.  Silva 
White,  on  18th  January;  2nd,  "Attempts  to  reach  the  Owen 
Stanley  Peak,"  by  Mr.  H.  O.  Forbes,  on  3rd  April  Mr. 
Forbes'  lecture  was  given  in  the  Reception  Room,  Queen's 
Rooms,  and  was  illustrated  by  lime-light  views  of  New  Guinea, 
and  by  a  large  collection  of  curios  and  birds. 
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Office-Bearers  for  1887-88. 

Prew&n^— W.  G.  Blackie,  Ph.D.,  LL.D.,  F.R.G.S. 

Vice-Presidents  —  James  Stevensoiii  F.B.O.S.;  Sir  Miohael 
Connal,  Thomas  Muir,  M.A.,  LL.D.,  F.RS.E. 

Secretary/  and  Treasurer — G.  A.  Turner,  M.D.,  CM. 

Members  of  Council. — Mr.  Jas.  Grierson,  Mr.  Maxwell  Hannay, 
Mr.  Wm.  Ker,  Mr.  Jacques  Van  Raalte,  Mr.  Alex.  Scott,  Mr. 
W.  Rcnny  Watson,  Mr.  Robt.  Blyth,  C.A. ;  Mr.  George  Miller, 
Mr.  Jas.  Christie,  A.M.,  M.D.;  Mr.  William  Ewing,  Mr.  Nathaniel 
Dunlop,  Mr.  Robert  Gow. 

(Signed)        Geo.  A.  Turner,  M.D., 

Secretary, 


3.  Report  of  the  Biological  Section, 

The  Section  held  no  Meetings  of  its  own  during  the  SesHion. 

Professor  M'Kendrick  read  a  paper  before  the  Society  on  ''The 
Modem  Cell  Theory,"  and  gave  demonstrations  of  (1)  a  Spectro- 
polarimeter ;  (2)  a  Gas  Pump  for  extracting  Air  from  the  Blood  ; 
(3)  a  Centrifugal  Apparatus  for  separating  Blood  Corpuscles;  (4) 
an  Electro-myographion. 

Mr.  Maylard  gave  a  demonstration  on  ''  Bacteriology," 

(Signed)        Joii5  Yulb  Mackay,  M.TX, 

SfCreUiry. 


4.  Report  of  the  Mathematical  ani>  Physical  Hkctjow. 

At  the  Annual  General  Meeting  of  the  BfH"ir;ty,  htM  (m  ffiri 
16th  November,  1887,  the  following  OtTirfi-hpnrfTn  wr»rf»  npyovtM 
to  the  Mathematical  and  Physical  .Section : — 

Fresideni^Sir  William  Thomson,  LL.U,  F.R.a,  <fro. 

Vice-Presidents-— 7hompi,f^  Muir,  M.A.,  hhJl ;  nut)  Vrttff^^^t^r 
Robert  G^an^  LL.D.,  F.R.H. 
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Secretary  and  Treasurer — Mr.  Thomas  Gray,  B.Sc,  F.R.S.E. 

Members  of  Council — Mr.  Peter  Alexander,  M.A.;  Professor 
James  Bljth,  M.  A. ;  Mr.  James  T.  Bottomley,  M.  A. ;  Mr.  Henry 
Dyer,  M.A.,  B.Sc;  Professor  William  Jack,  LL.D.;  Professor 
Andrew  Jamieson,  F.R.S.E.;  Professor  James  Thomson,  F.R.S.J 
Mr.  Magnus  Maclean,  M.A.;  Mr.  James  Wood,  M.A. 

The  Section  has  contributed  three  papers  to  the  Society  during 
the  Session,  and  the  following  new  Associates  hav^e  been  elected : — 

Mr.  J.  H.  Gray,  Mr.  W.  Leckie,  Mr.  Andrew  W.  Meikle,  Mr. 

James    Erskine    Murray,   Mr.    Thomas    Shields,   Mr.   Malcolm 

Sutherland. 

(Signed)        Thomas  Gray, 

Secretaryy 
Physical  Labobatoby,  Univisksity  of  Glasgow. 


5.    PtEPORT   OP  THE   ChEMICAL   SECTION. 

The  Associates  have  during  the  past  Session  been  invited  by 
post-card  to  the  periodical  Meetings  of  the  Glasgow  and  West  of 
Scotland  Branch  of  the  Society  of  Chemical  Industry.  No  papers 
have  been  directly  contributed  to  the  Section  during  the  Session. 

The  fact  of  the  existence  of  the  above-named  Society,  together 
with  the  establishment  some  time  ago  of  a  large  Chemical  Society^ 
similar  in  its  aims  to  our  Section,  in  connection  with  one  of  the 
principal  educational  institutions  of  the  City,  accounts  for  the 
absence  of  progress  in  our  Chemical  Section. 

There  are  ten  Associates  on  the  roll,  one  of  whom  during  the 
Session  joined  the  Membership  of  the  Philosophical  Society. 

(Signed)      John  Tatlock, 

Secretary, 


6.  Report  op  the  Sanitary  and  Social  Economy  Section. 

A  Meeting  of  the  Section  was  held  on  16th  November,  1887,  at 
which  the  following  Office-Bearers  were  elected : — 

President — Ebon.  Duncan,  M.D.,  4  Royal  Crescent,  CrosshiU. 


Tke-Prsndmit — Jaqs  CLriscie-  M.Lv.  f  Gj*ai  Kiirii  TtrroK- 
and  J<^iii  GliisCifT.  liLD..  4  Grxf:.:=.  Pli^e^ 


Smith  6  S:cii  Hi=:-x«r  Sir^e^:  J:cn  Y :cr  z.  2^1  F^rlJuiiBLajj 
Bood:  J&zitfs  ChalziErs.  Ill  St.  Yrr.T«?z:T  S-^qes:  Ftiwr  Frfe.  1 
Montrose  S^ree::  Wili-er  Arrcl  Iv  L'iir.c  S":?**?::  Ajex.  Sccci. 
2  Lawrey*  Pliioe;   W.  P.  F-:rff.r.  ±1   r.>?=:fr»^  S-rrte:;  J.  ^- 


£*  re^i  Vrc:ce  tilt  aoEK^T  c^:r::-2  •— t  ^€rs5J3£L-  tii.; — 

in  tfTTje  izr  liii  .SesLl.c-  >lr.  F^fe  r»5&i  Lit  ?«-:««'  *t*ef:»re  ilrf 
Socerr  cc  II *1  Airll  I  r  t  ^-  i2i*r  tv".  '.tcr  '^rli  ?  *  In ^r:irujLT  F ;ii-t* 
in  tie  Sa^iriirr  Wirk:  c«f  ^  ;:!*3Ji.i  C-^tt." 


the  .Seviioi.-  &T.C  hi^  i^::t  o^.e  cvii-ii:U'-A-itloL  f.  'jt  ?v^d  "U-f.-re 
tLe  Pi^.  jb'»;rL.-A^*  f^x*l•^•v.  8*fV«f»c*I  A-->.•iat••^  Lt.vr  rvtirt-i  ai^d 
KrrenJ  Lave  y^^:-*^  <  '^";r  tiitr  .Sv>j-1v!  .  t.,t  tv»t**l  i-Lii.l^r  Wii.c 
nc'v  CI.  or  tL!«r*:  liiv'c  ::.aL  at  tLe  cl.*sc  vf  li.>':  »N:-s<ijL-  C»Lie 
Afco-x-iiiV;  Lai  '•.#^- -•:ij«r  a  X«r:^l>-r  of  tL»:  ^-j*  i-'y.  u:-ci  Sv»iue  of  tbe 
MeiiiT^ifn  wLc  Lii>*-  /'li^'.-c'.  tL<.  6ocietv  uuili  ^  tijt  prva^ni  Ses:Joi 
Lave  done  K;  oi.  ;*«..'*  :i'  *>f  ti.eir  li.te!*'^:  i;.  •'•j»  ^^.\^rk  of  t:/.> 
Sect '.',!. 
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The  following  is  a  statement  of  the  work  accomplished  during 
the  Session: — 

Monday^  November  7,  1887. — Paper  on  "  Railway  Rates,"  read 
by  Mr.  Mark  Davidson,  M.A.,  LL.B.,  advocate. 

Wednesday,  November  11,  1887. — Paper  on  "Factory  Industry 
and  Socialism,"  read  by  Mr.  Wm.  Smart,  M.A.,  before  the  Philo- 
sophical Society. 

Monday,  November  21,  1887. — Meeting  for  the  discussion  of 
Mr.  Smart's  paper. 

Monday,  December  5, 1887. — Paper  on  "Co-operative  Production 
and  Profit  Sharing,"  by  Mr.  James  Mavor. 

Thursday,  January  12, 1888. — Paper  on  "  Free  and  Fair  Trade," 
by  Mr.  Stephen  Mason,  M.P. 

Monday,  January  23,  1888. — Paper  on  "  Godin's  Familist^re," 
read  by  Mr.  J.  Murray  Templeton. 

Monday y  February,  6,  1888. — Paper  on  **  American  Currency," 
read  by  Mr.  And.  S.  McClelland.  . 

Monday,  February  20,  1888. — Paper  on  "The  Constitution 
and  Course  of  the  Money  Market,"  read  by  Mr.  Charles  Gairdner, 
President  of  the  Section. 

Monday,  March  5,  1888. — Paper  on  "  Emigration,"  read  by 
Mr.  Walter  W.  Blackie,  B.Sc. 

Monday,  March  19,  1888. — Paper  on  "Preventible  Bank- 
ruptcies," by  Mr.  John  Mann,  jun.,  M.A.,  C.  A. 

Thursday,  April  5,  1888. — Paper  on  "  Some  of  the  Social  and 
Economic  Aspects  of  the  Welsh  Ijand  Question,"  read  by  Professor 
H.  Jones,  M.A.,  of  University  College,  Bangor. 

Three  new  Members  have  been  added  to  the  Council,  namely: — 
Mr.  George  Barclay,  Mr.  Chas.  E.  Beckett,  M.A.,  LL.B.;  Mr. 
James  Marr. 

(Signed)      Walter  W.  Blackie, 

Hon,  Seq/.  o/ Section. 
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MEMOIR  OF  Mr.  DAVID  SANDKMAN.* 


i>AYn>  Sahdeman  was  bom  at  Edinburgh  in  1 H  ]  4 .  A  f  f ^r  rM^r^t  tr  i  r?^ 
his  education  there  he  went  to  London,  and  fipf^nt  f;f>v/»rn)  yf^nrn  Irt 
business  houses  in  the  Metropolis  Woro  foiifidifii<  ihf*  Olf!<^j^/'rw 
firm  with  which  his  name  was  so  lonj^  and  f»o  h(fr}(fvrn}f\y  ld^rlf  ifi^d. 
During  the  greater  part  of  hi»  life  in  thi»  rify  ^I^  fff^rk  a  drr^p 
interest  in  the  cause  of  Technical  E^hicati^n.  Th^  fr^<|'i^r»f,  vWiH 
he  paid  to  France  and  Germany  er.aWH  him  fA  rrVytnlrr  «  A>Tf 
insight  into  the  principles  on  which  tf»i-?  }frtp<*/rt:f>nh  hr^n'-h  //f 
edncadon  is  conducted  on  th^  Contim^n**^  and  tA  f^Xfpr^^'i^''^  ""t^ 
adrantages  it  ccnfers  on  fort^vjrn  mannfft^rtiir^r^.  f-  ri^  v  **  A'^rr^^* 
desire  he  felt  for  the  enjoyment  ^f  ^iT)>ii?»r  }*dv^'-i<^'»'/o<?  *^  vii*  v- 
ooantry  that  led  aim  to  b^/ronrj  a  rirm  ^o  v/^ot^  i^-*-}  j>r'»r^  *•/''•-  "/ 
the  moTionenc  inauqnnt**/i  in  (rU^^c^rrv  m  jHTi  /*'•-  ••^/^  r*-^'^'-'  ■ 
ment  of  a  Technicai  Co'l^^j^..  H«  jr.'^jM  -'"^  .^'••*  '^a* — -■'-^/•a 
appointed  fhr  :liL«»  pnrw*^.  ind^r  *h*5  '^^»' '  -^r* ,»  r  ^^  ^r  \r  *  i^  -^  , 
Montgomerie  XeiUon.  '«tii|  »^r;»Tr»^  on^  ',f  /^  ,•^^'.'♦•  ■>/"'•  -.  --'  i'  •• 
Without  dwelling  \t  .ert's^U  ^n  '•«'?  .•■-♦•/•»••,'  ^f  ' '  '■'-"'•'  -^  -  «• 
committee,  "he  :ar*  .nav    .**  >.r^cj»  ^-aj    '^'.t  ,♦   -i'^'/    .+    v^ 

of  an  institution     v:|..m   ^fir.r.  fl     <rf   ',r.   .-   jf»<,»    /^     rr'--'"     .   ' '*     -'*'. 

in.  Glas^w.   )n*  ^n^-'ii-i  i'-o   ^"'i    f*>--^*-.^f'^    v^  ,>.    ^ ,  /..   ^...^.^  .^^ 
tiiesnfaurbaTi 'liirr^.^f.^    inii  ■•-. /"jj   />   i-r*t.  ,•  ./^/^-'    "  ^ ^  -  r  ^  rr  •>   ,'       '  • 
DombarTon,  ^Virwi*    ■"••■»*•'.*•*  "^*    '•'•       ■*"'    r/'-'*»-''.i        •♦/■•   ^       ♦ 
a  vainobienriti  ir»«l    t'.mi'  i«  *rj  •'**■  *•'•!'.«■•'*  »♦  •<•*  •    •  'I  .  /*  ,  t . 

also  formed    '^jirt    f    f'<»    .'jn-k*,.;*-,.^"      ^^'/.|.'r  .  /<        %»;,♦*     .  ., 
thought   "hat    ■'<♦*     ,!••      *.-, -'v.T*-    .f/.,    ^,   /.. .'    ,     '■-    *^  .'      /i 

misht  ')P  iTi'i'^^t    •''     ****    •'  ' '•'•    '•"■•■••    -*   -' tt     '  '     '  ••    •         •,/ 
tionii  of  "h<*  7*''''*»'»^«*>'     ,    '  v«    .* »   ''     '*     '  '      '  '    '   ,  •  A    ,   * 

It  oeini^  :Vjiir,<i     ,/-.'»''■.'  -•     ^'.«'     >-,      *•<•..,  ,//</'• 

be  ina<le    v^rli     "^     .',.'..-,.-.     »  i         ♦  ♦  ,      ,  * 

drew   in  a  ,i»r»rf» 

hnildiri«r    j^   j 

too  w*»ll  ciui*"-*-  •  ' -»  •-•  * 

noint^fi  At  ^'.->i.-^-.-         z^- 


r'  *■  r  •     • 
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himself  heartily  into  the  work,  but,  though  he  obtained  the  promise 
of  large  sums  from  many  who  were  foremost  in  the  cause,  and  sub- 
scribed liberally  himself,  the  fund  did  not  exceed  £12,000.  Some 
members  of  the  committee  became  discouraged  at  the  want  of 
success,  and  talked  of  abandoning  the  project  altogether;  but  Mr. 
Sandeman  was  determined  that  it  should  not  fall  to  the  ground. 
He  argued  in  favour  of  at  least  one  branch  of  the  Technical 
College,  the  Weaving  School,  being  organised;  and,  finding  able 
supporters  in  Mr.  Montgomerie  Neilson  and  others,  he  was 
liuthorised  by  the  committee  to  call  up  a  portion  of  the  sub- 
scriptions. Even  this  was  found  no  easy  task,  but  after  a  pro- 
longed struggle,  in  which  Mr.  Sandeman  obtained  able  assistance 
from  Mr.  Frame,  the  secretary  of  the  College,  a  fund  of  £4,500 
was  secured.  Early  in  1874  Mr.  Sandeman  and  Mr.  Templeton 
were  appointed  to  look  out  for  a  site  for  the  Weaving  School, 
and,  with  the  approval  of  the  trustees,  a  small  piece  of  ground 
was  purchased  in  Well  Street,  Calton,  a  locality  considered  the 
most  suitable  in  Glasgow  on  account  of  the  majority  of  the  weaving 
factories  being  situated  in  the  neighbourhood.  A  weaving  shed, 
lecture  rooms,  and  offices  were  erected,  and  the  school  was  opened 
in  September,  1877,  by  Sir  James  Bain,  then  Lord  Provost  of 
Glasgow.  It  was  supposed  that  probably  about  twenty  pupils 
might  attend  the  school,  but  in  the  very  first  session  this  number 
was  more  than  doubled.  Since  then  the  average  number  of  pupils 
has  been  sixty.  Manufacturers  have  borne  testimony  to  the  great 
advantages  of  the  practical  instruction  given  at  the  school  by 
making  a  certificate  of  attendance  a  recommendation  for  entering 
their  employment.  It  is  also  satisfactory  to  know  that  the  site, 
the  building,  and  its  contents  are  almost  entirely  fi^e  from  debt. 
For  all  these  results  great  credit  must  be  given  to  many  of  our 
leading  citizens,  as  well  as  to  the  Worshipful  Company  of  Cloth- 
workers,  London.  Beyond  all  question,  however,  the  prosperity 
of  the  institution  is  mainly  due  to  the  energy  and  indomitable 
pel-severance  which  Mr.  Sandeman  threw  into  the  undertaking. 

In  other  educational  establishments  of  our  city  Mr.  Sandeman 
took  a  very  warm  and  active  interest.  He  was  for  many  years 
a  Director  of  Anderson's  College.  He  was  also  President  of  the 
Mechanics*  Institute  from  1873  to  1878,  and  continued  to  be  a 
Director  until  1883  not  only  of  the  Mechanics*  Institute,  until  it 
was  reconstructed  in  1880,  but  also  of  the  College  of  Science  and 
Arts.      Besides  taking  a  share  in   the    management  of   these 
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i]istttatian%  he  snbscribeii  most  heorcilj  every  jeor  tor  prizes  to 
be  distriimted  aznon^c  the  most  desenrin^  papib^  and  in  I5v>:2  he 
presented  a  Tery  ixandaome  gold  medal  for  compeciciDit.  amon^ 
the  eDgmemn^  students.  Mr.  Sozidemaa  lon^  aJrocated  ^e 
f^wTftTyTnAtf/iTt  of  the  yarions  technical  schools  of  the  citj  muler 
one  gOTemzng  bodj,  and  had  the  grati£cat£oa  some  time  before 
his  death  of  witneHing  the  finiitiait  of  his  efforts  in  this  directk>a 
by  the  establishment  (^  the  Gla^ov  and  West  of  Scotland 
Technical  College,  embracing  Andoaozi's  College^  the  College  of 
Science  and  Arts,  and  A  ITan  Glen  s  SchooL  The  Wearing  School 
is  not  jet  incladed  in  the  Glasgow  and  West  of  Scotland  Technical 
College^  althoagh  provision  is  made  in  the  Scheme  for  this  being 
doneL  In  the  meantime,  however,  the  instruction  given  in  the 
Weaving  School  forms  a  part  of  the  corricalum  in  ^^  Textile 
Industries^  in  the  College. 

In  many  of  the  industrial,  benevolent,  and  literary  institutions 
of  Glasgow  Mr.  Sandeman  likewise  took  a  leading  part;.  He  was 
a  member  of  the  Chamber  of  Commerce,  and  for  many  years  one 
of  its  directors.  At  the  City  Parochial  Board  he  long  had  a  seat 
He  was  connected  with  the  old  Glasgow  Pablic  Library,  and 
became  one  of  the  directors  on  the  amalgamation,  in  1871^  of  tho 
library  with  Stirling's.  In  1875  he  was  elected  treasurer  of 
Stirling's  Library,  and  remained  in  that  office  until  his  death. 
Mr.  Sandeman  was  also  a  member  of  the  Archieological  Society, 
which  he  joined  in  1879,  and  acted  as  a  member  of  the  Council 
from  1880  to  1886.  In  the  pursuit  of  geology  he  took  a  lively 
interest  Becoming  a  life  member  of  the  Geological  Society  in 
1861,  he  afterwards  served  on  the  Council,  and  acted  at  one  time 
as  its  vice-president.  Though  he  did  not  contribute  any  original 
papers  to  the  Geological  Society,  he  had  more  than  a  superficial 
knowledge  of  the  subject;  and  all  visitors  to  Woodlands  will 
remember  the  keen  delight  with  which  he  was  wont  to  exhibit  his 
own  admirable  collection  of  fossils,  mostly  derived  from  tlio  West 
of  Scotland. 

Mr.  Sandeman  became  a  member  of  the  Philosophical  Society 
in  1870,  and  took  a  very  active  interest  in  its  work,  ospociolly  in 
so  far  as  that  was  connected  with  technical  education.  On  tliis 
subject  he  read  several  papers  before  the  Society,  which  wero  very 
fully  discussed  at  the  time,  and  did  much  to  rouse  public  opinion 
as  to  the  necessity  for  steps  being  taken  to  keep  tlio  induBiricH 
of  the  country  on  a  level  with  those  of  our  Continental  rivalH. 

Vol.  XIX.  2  b 
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Plate  IX.,  Fig.  1. — Plate  cultivation  of  micro-organianui  ftxirting  in  the  open 

air. 

Fig.  2. — Potato  cultiyation  of  Micrococcus  prodigiosu%. 

Fig.  3. — Micrococcus  prodigiosan  growing  upon  Agar  Agar  jelly. 

Fig.  4. — Micrococcus  prodigiosu$  growing  in  Koch's  beef  peptone 
jelly. 

Fig.  5. — Bacillus  of  green  pus  in  Kooh*s  jelly. 

Fig.  6. — White  micrococcus  from  air  upon  Koch's  jelly.* 

Fig.  7. — Pink  torula  from  air  upon  Koch's  jelly. 

Fig.  8. — ^Yellow  micrococcus  from  air  upon  Agar  Agar  jelly. 
Plate  X.,  Pig.  1. — Tube  cultivation  of  water. 

Fig.  2. — Anthrax  bacilli  in  liver  of  mouse. 
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XXIV. — Tlie  Diddtone:  a  New  and  Portable  Musical  Instrun^rU^ 
having  Forks  of  Steel  for  its  Sound  -  Producers.  By  Mr. 
Thomas  Machell. 


[Read  before  the  Society,  2nd  May,  1888.] 


One  of  our  late  members,  Mr.  Walter  Macfarlane,  who  took  a 
kindly  interest  in  the  experiments  which  resulted  in  the  instrument 
submitted  to  the  Society  on  21st  January,  1885,  and  described  in 
Proceedings  of  that  year,  brought  under  my  notice  a  copy  of 
"  Fors  Clavigera,"  in  which  Mr.  Buskin  speaks  of  the  want  of  a 
suitable  instrument  for  teaching  children  in  school  the  true  sounds 
within  the  octave.  On  page  260  he  says : — "  I  have  been  making 
experiments  with  a  view  to  the  construction  of  an  instrument  by 
which  very  young  children  could  be  securely  taught  the  relations 
of  sound  in  the  octave  ]  unsuccessful  only  in  that  the  form  of  lyre 
which  was  produced  for  me,  after  months  of  labour,  by  the  British 
manufacturer,  was  as  curious  a  creation  of  visible  deformity  as  a 
Greek  lyre  was  of  grace,  besides  being  nearly  as  expensive  as  a 
piano.  For  the  present,  therefore,  not  abandoning  the  hope  of  at 
last  attaining  a  simple  stringed  instrument,  I  have  fallen  back — 
and  I  think,  probably,  with  final  good  reason — on  the  most 
sacred  of  all  musical  instruments,  the  *  Bell.' " 

What  I  have  now  read  led  me  to  consider  whether  the  principle 
of  my  invention  could  be  rearranged  in  a  portable  form,  and  the 
result  was  the  production  of  a  little  instrument  of  three  octaves. 
On  submitting  it  to  Mr.  Macfarlane,  he  expressed  himself  satisfied 
that  it  completely  realised  the  object  aimed  at,  and  very  kindly 
gave  me  an  order  to  make  one,  with  the  intention  of  presenting 
it  to  Mr.  Buskin.  Mr.  Macfarlane  desired  that  it  should  have  a 
plain  deal  case,  and  that  the  compass  be  restricted  to  the  notes 
most  required  in  toaching  singing  to  young  children  at  school. 
This  instrument,  which  has  a  compass  of  2\  octaves,  lowest  note  F, 

^■^^E  when  completed,  could  not  be  shown  to  Mr.  Macfarlane, 
who  at  the  time  was  sufiering  from  a  severe  illness,  culminating 
in  death  the  following  month. 

Not  being  satisfied  with  certain  details  of  the  mechanism,  which 
on  account  of  its  novelty  I  found  tedious  and  expensive  to  get 
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made  satisfactorily  in  small  quantities,  I  gave  my  attention  to 
find  out  how  I  could  best  adapt  and  utilise  the  appliances  already 
in  use  in  the  mechanism  of  an  ordinary  piano,  and  the  result  is 
the  instrument  that  I  shall  now  have  the  pleasure  of  submitting 
to  your  notice.  This  instrument,  which  I  have  named  '^The 
Dulcitone,"   has   a   compass  of   44   notes,    F  to   C,  sva 

and  has  been  designed  to  meet  the  want  now  generally  -a  "^^^ 

felt  of  a  portable,  keyboard,  percussion  instrument,  y  -—-•= 
suitable  for  solo  playing,  for  use  in  combination  with  ^• 
other  instruments,  or  with  the  voice;  as  an  auxiliary  to  the 
pianoforte  and  organ  for  the  practice  of  technical  studies, 
and  as  an  aid  in  teaching  children  to  sing  or  young  violinists 
to  play  in  tune.  The  sound-producers  are  square  rods  or  bars 
of  steel,  bent  to  the  form  of  tuning  forks  (without  shanks),  the 
forks  being  of  graduated  lengths  for  the  various  musical  notes. 
A  sound-board  is  placed  near  the  bottom  of  the  case,  having 
a  bridge  glued  thereon,  extending  horizontally  from  end  to  end. 
Each  fork  is  connected  to  the  bridge  on  the  sound-board  by  a 
piece  of  thin  spring  steel  bent  to  the  form  of  a  semicircle,  and 
having  one  end  clamped  to  the  fork  by  means  of  a  pair  of 
small  plates  secured  by  screws,  whilst  the  other  end  is  held  by 
a  small  plate  screwed  to  the  bridge.  The  forks  are  additionally 
supported  and  kept  in  position  at  their  nodes  by  resting  in 
notches  on  a  suitably-cushioned  rail.  The  hammers  rest  on 
the  central  rail  of  the  key  frame,  which  is  cushioned  on  its 
underside.  The  butts  to  which  the  hammers  are  connected  are 
pivoted  in  the  usual  way,  and  fastened  to  the  drop  rail  of  the 
key  frame.  They  are  pressed  down  by  spiral  springs,  which  are 
also  fastened  to  the  drop  rail.  Hinged  to,  and  depending  from, 
regulating  levers  placed  at  the  back  end  of  each  key  are  adjustable 
hoppers,  which,  acting  on  the  underside  of  the  butts,  cause  the 
hammers  to  strike  down  on  the  forks  when  the  keys  are  pressed. 
The  dampers  act  on  one  or  both  ends  of  each  fork,  and  are  con- 
nected by  bent  wires  to  hinged  levers,  which  latter  are  supported 
in  a  position  underneath  the  front  of  the  keys  by  a  wooden  rail. 
This  wooden  rail  also  carries  a  guiding  rail  through  which  the 
wires  connecting  the  dampers  and  keys  pass.  On  the  top  of  each 
wire  is  placed  a  cushioned  regulating  button.  A  hinged  rail 
placed  underneath  the  damper  levers  is  actuated  by  another  lever 
having  its  fulcrum  on  the  inner  front  of  the  case,  which  brings 
the  dampers  under  the  control  of  the  foot  by  means  of  a  cord 
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pftssing  through  the  front  part  of  the  case.  The  keys  axe  in  aiase 
and  deacription  exactly  similar  to  those  used  in  pianofortes. 

The  dulcitone  in  a  solid  mahc^ny  case  is  nearly  an  exact 
duplicate  of  the  one  forwarded  to  Mr.  Kuskin  a  short  time  ago  by 
the  present  Mr.  Walter  Macfarlane,  who  most  kindly  desired  to 
carry  through  his  late  uncle's  intentions  in  this  matter. 

The  dulcitone  in  ornamental  case,  vith  frets  and  extended  end, 
mounted  on  stand,  was  made  to  a  design  kindly  presented  to  me 
by  Mr.  G.  A.  Audsley,  F.R.I. B. A.,  of  Devon  Nook,  Ghiswick,  a 
gentleman  who  takes  a  friendly  interest  in  my  work,  and  to  whcMn 
I  am  indebted  for  several  valuable  hints. 

To  Mr.  Thomas  Jowitt,  of  Sheffield,  I  am  also  indebted  for 
valuable  aid  in  ascertaining,  by  experiment,  the  most  suitable 
character  and  quality  of  steel  for  my  purpose. 

Shown  in  illustration  of  this  paper — 

1.  A  sectional  model  of  the  instrument  described  in  Frooeedinffs 
for  1885. 

2.  Instrument  in  mahogany  case— compass,  3  octaves. 

3.  Instrument  in  plain  deal  case— compass,  2^  octaves. 

4.  Dulcitone  as  described  to  the  Society. 

5.  Dulcitone  in  ornamental  case,  made  to  the  design  of  Mr. 
G.  A  Audsl^. 
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XXV. — On  the  application  of  Wind  Power  to  the  generation  and 
storage  of  Electricity,     Bj  Professor  Jahes  Blyth,  M.A., 


[Read  T)efore  the  Society,  2nd  May,  1888.] 


In  common,  I  daresay,  with  many  other  persons,  I  have  felt,  for 
some  time  past,  tliat  the  power  of  the  wind  was  not  suffioiently  taken 
advantage  of  for  the  purpose  of  generating  and  storing  eleotrioal 
energy ;  and,  in  the  course  of  last  summer,  I  determined  to  make 
some  experiments  to  test  the  point  in  a  practical  way.  These 
consisted  in  the  erection  of  a  small  windmill  for  supplying  electric 
light  by  means  of  storage  cells,  to  a  small  cottage  in  the  village  of 
Marykirk,  Kincardineshire,  where  I  usually  spend  my  summer 
holiday.  The  mill  was  finished  and  working  about  the  end  of 
July,  1887. 

The  windmill  is  of  the  old  English  type,  and  is  erected  in  the 
garden  so  as  to  have  the  best  available  exposure  to  the  wind, 
although  this  is  not  so  good  as  could  be  desired,  and,  indeed,  in  most 
places  could  easily  be  obtained.  The  tower  consists  of  a  wooden 
tripod  firmly  fixed  in  the  ground  and  strongly  braced  together  by 
bars  of  wood.  The  windshaft  stands  about  33  feet  above  ground, 
and  carries  four  sail  arms  at  right  angles  to  each  other,  each  being 
about  13  feet  long.  The  canvas  sails  are  attached  to  the  arms,  or 
whips,  and  are  supported  by  sail  bars  in  the  usual  way.  By  means 
of  bevel  wheels  the  windshaft  gives  motion  to  a  long  vertical  shaft, 
from  which,  again,  by  bevel  wheels,  the  motion  is  communicated 
to  a  horizontal  axis  which  carries  a  fiy-wheel,  10  feet  in  diameter, 
and  which,  of  course,  moves  in  a  vertical  plane.  The  dynamo,  an 
old  form  of  Burgin,  is  driven  directly  from  the  fly-wheel  by  means 
of  a  rope,  and  a  workable  speed  is  attained  even  when  the  wind- 
mill moves  at  a  comparatively  slow  speed.  The  current  from  the 
dynamo  is  employed  to  charge  12  E.P.S.  storage  cells,  which  supply 
the  incandescent  lamps  in  the  cottage.  As  yet  I  have  only  used,  at 
one  time,  10  eight-candle  power  25-volt  lamps,  but  I  find  that 
storage  for  more  can  be  quite  easily  obtained.  One  day  last  summer, 
when  a  good  breeze  was  blowing,  I  stored  as  much  in  half  a  day 
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as  gave  me  li^t  for  four  eTenings,  about  three  or  four  boors 
each  time.  As  yet,  however,  I  hare  not  had  time  or  opporcanitj 
to  test  full  J  the  capabilities  of  mj  arrangement.  For  one  thing,  I 
require  a  more  suitable  dynamo  and  a  much  greater  storage 
capacity,  so  as  to  take  advantage  of  all  the  wind  that  blows ;  and 
when  this  is  done  I  have  no  doubt  whatever  regarding  the  complete 
success  of  my  experiment. 

While  charging  the  current  passes  through  a  cutout  arrange- 
ment, which  immediately  disconnects  the  cells  from  the  charging 
circuit  when  the  dynamo  runs  below  a  certain  speed.  In  this  way 
the  windmill  can  be  allowed  to  run  day  and  night,  as  it  will  only 
store  when  a  certain  speed  is  attained,  and  the  oeUs  are  effectuaUy 
prevented  from  discharging  themselves  through  the  dynamo,  even 
should  it  stop. 

I  may  mention  that  on  several  occasions  I  have  used  the  stored 
electricity  to  drive  a  small  turning  lathe  in  my  workshop,  and 
that  I  have  begun  to  make  a  light  form  of  carriage  to  be  driven 
by  the  same,  so  that  I  am  in  hope  of  having  some  day  a  drive  by 
means  of  stored  wind  energy. 

One  day,  during  last  Christmas  holidays,  there  was  a  good 
breeze,  and  I  tried,  for  curiosity,  the  experiment  of  direct  lighting 
from  the  dynamo  without  the  use  of  storage  cells,  the  lamps  being 
inserted  as  a  shunt  from  the  brushes.  A  fairly  steady  light  was 
obtained  from  eight  lamps,  and  the  risk  of  burning  them  up  was 
avoided  by  inserting  two  lamps  of  higher  volts. 
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XXVI. — On  the  Electrical  Resistance  of  Slate  and  Marble  and 
other  Materials^  with  reference  to  their  vse  in  Electric  Light 
Fittings,      By  Thomas  Shields,  M.A. 


[Read  before  the  Society,  2nd  May,  1888.] 


The  subject  of  my  remarks  is  one  that  not  only  possesses  the 
theoretical  interest  which  attaches  to  the  publication  of  fresh 
information  on  any  subject,  but  is  also  practically  interesting  in 
connection  with  its  relation  to  electric  lighting. 

It  would  be  difficult  at  the  present  moment  to  forecast  the 
issue  of  the  struggle  between  the  partisans  of  the  transformer 
system,  and  those  of  the  accumulator  system,  of  electrical  dis- 
tribution ;  but  if,  as  is  not  at  all  unlikely,  the  transformer  system 
comes  to  be  established,  as  for  many  purposes  at  once  the  most 
convenient  and  most  economical  system  for  the  distribution  of 
electricity,  then  it  is  obvious  that  the  question  of  good  insulation 
in  the  circuit  will  become  one  of  even  greater  importance  than  it 
is  at  present.  A  system  of  insulation,  for  example,  which  was 
found  quite  satisfactory  with  a  working  potential  of  100  volts, 
might  speedily  show  signs  of  weakness  and  break  down  under  a 
potential  of  3000  volts. 

The  first  point,  of  course,  in  the  insulation  of  an  electric  circuit 
to  be  looked  to  is  the  insulation  of  the  leads,  but  that  forms  no 
part  of  my  subject.  The  next  point  is  the  insulation  of  any  break 
or  interruption  in  the  leads,  and  it  is  here  we  find  that  faults  by 
far  most  frequently  occur  and  insulation  breaks  down.  It  is  not, 
as  a  rule,  in  the  insulation  of  the  conductors  themselves  that 
faults  occur,  but  in  the  insulation  of  the  switches,  fuses,  cut-outs, 
electrical  measuring  instruments,  <&c.,  that  are  inserted  in  the 
circuit.  On  the  authority  of  Mr.  Addenbroke,  at  least  95  per  cent. 
of  the  faults  that  occur  have  this  origin.  It  is  most  important, 
therefore,  to  ensure  that  there  is  good  insulation  in  these  cases. 
The  materials  that  have  been  chiefly  used  to  secure  this  are  slate 
and  porcelain.  The  latter  is  open  to  the  very  serious  objection 
of  being  easily  cracked  and  broken.  There  are  objections  also  to 
the  use  of  slate,  which  will  be  considered  later  on.  Its  cheapness, 
however,  together  with  its  cleavage,  which  renders  it  capable  of 
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bein^  essflj  split  into  slabs,  and  the  eompArmtiTe  ease  with  which 
it  can  be  worked  generallr,  have  gone  far  to  bring  shite  into 
fiftTOQT  far  this  porfiOBeL  The  oi^ect  of  the  investigation,  the 
resnhs  of  which  I  now  set  before  yon,  was,  in  the  first  phioey  a 
decerminadoiu  good  enough  for  practical  purposes,  of  its  merits 
as  an  insulAtf:»'  compared  with  other  materials  which  might 
cooTementlj  be  used  for  the  same  purpose: 

As  regards  the  methods  of  measurement,  I  adopted  those 
whi^  are  in  ammon  use  in  cable-testing.  When  the  resistance 
was  eooDipaiativelj  low  it  was  measurad  bj  means  of  a  high- 
renstanee  mirror  galTanometo'  by  comparison  with  a  known 
resistance.  The  eonneetions  of  the  apparatus  uaed  are  shown  in 
Fig.  1,  Plate  XL 

The  resistance  to  be  measured  is  denoted  bj  R ;  G  0  are  two 
contact  pieces  of  equal  area ;  Q  is  the  galvanometer,  and  S  an 
adjustable  resistance  arranged  as  a  shunt  between  the  terminals 
of  the  galvanometer ;  B  is  the  battery,  and  K  an  ordinary  make- 
and-break  key.  On  d^ressing  the  key,  the  current  which  passes 
through  R  is  measured  by  the  galvanometer ;  R  is  then  r^laced 
by  a  known  resistance,  and  the  current  which  passes  throng  it  is 
measured.  We  thus  get  a  comparison  of  the  two  resistances  by 
comparing  the  currents  whidi  the  same  electro-motive  force  gives 
in  the  circuits  of  which  they  successively  iann  part 

Let  E  denote  the  differaice  of  potential  b^ween  the  terminals 
of  the  battery ;  R,  the  resistance  to  be  measured;  6,  the  resistance 
of  the  galvan<Mneter ;  and  dy  the  deflection  obtained  when  the 
galvanometer  is  shunted  with  a  resistance,  S ;  and  let  R^,  S^,  and 
d^  denote  the  corresponding  quantities  when  the  unknown 
resistance,  R,  is  r^laced  by  the  known  resistanee,  R^. 

Suppose  that  no  shunt  is  used,  then  the  current  whidi  passes 

through  the  galvanometer  will  be  equal  to  =;   but  when  the 

R 

galvanometer  is  shunted  with  a  resistance,  8,  the  current  will 

divide,  and  the  part  which  passes  through  the  galvanometer  will 

S         R 
be  equal  to  ^ — ~  x  ^,     And  since  the  deflection  on  the  scale  is 

proportional  to  the  current  which  passes  through  the  gslvanometer, 
we  get  the  equation — 

®     xJ  =  Cx(/, (1) 


S  +  G     R 
where  O  is  a  constant  quantity. 
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Similarly,  when  the  known  reBicitanoe  is  inserted  in  the  circuit 
w©  hay^-- 

«',x|  =  Cxrf„ (2) 


Si  +  Gr        Ri 

HencB;  combining  these  two  equations,  we  get — 
S,  E^ 

S         E~CT5"^ ^^ 

S  +  G  ^  R 

Solving  equation  (3)  for  R,  we  have — 

^  rfiXRiXSx(S,  +  G)  .  . 

^-       (ixS,x(S  +  G)     '         -        -        -        -        W 

which  gives  us  R  in  terms  of  known  quantities,  and  we  can  thus 
proceed  to  calculate  it.  This  value,  R,  is  obviously  directly 
proportional  to  the  area  of  the  contact  pieces,  and  inversely 
proportional  to  the  thickness  of  the  material  between  them.  The 
specific  resistance,  therefore,  or  resistance  per  cubic  centimetre  of 

Rx  A 

the  material,  will  be  equal  to  — ^ — ,  where  A  is  equal  to  the  area 

of  contact  in  square  centimetres,  and  /,  the  thickness  in  centi- 
metres. Hence,  if  the  resistances  are  given  in  ohms,  the  resistance 
between  two  opposite  l^es  of  a  cubic  centimetre  of  the  material 

will  be  equal  to  — -, —  ohms. 

Some  of  the  materials  tested,  however,  had  too  high  a  resist- 
ance to  give  a  readable  deflection  on  the  galvanometer  scale,  and 
these  had  to  be  measured  electrostatically  by  the  quadrant  electro- 
meter. The  method  of  joining  up  is  shown  in  Fig.  2.  A  quadrant 
electrometer,  Q,  a  standard  condenser,  K,  and  the  resistance  to  be 
measured  and  contact  pieces  (which  form  a  condenser),  R,  are  all 
joined  up  in  parallel  with  the  charging  condenser,  C,  so  that  one 
side  of  the  apparatus,  being  joined  to  earth,  is  always  at  zero 
potential,  while  the  other  side  is  insulated  perfectly  in  every 
respect  except  as  regards  R,  the  insulator  whose  resistance  is  to 
be  measured.  The  insulated  side  is  charged  by  depressing  the 
key,  k.  Contact  is  made  for  half  a  minute,  and  the  deflections  on 
the  electrometer  scale  are  noted  every  half  minute  thereafter. 
We  thus  get  the  time-rate  of  the  leakage  through  the  insulator,  R. 


F\*iampmagmi  iucarfy  of 


JO."? 

If  r  ieniirds  zdi±  an^szj  ir  ^iie  stanittpj  eoodenser  (the  c^Muatj 
jc  E^  *:*3iiir  '^iry  ^mt"^  compared  whh  C,  may  be  Defected); 
E.  lai*  rassciais?  :c  liu*  '^su'ttrrr  R .  *2ii  T  ^nd  Q,  the  potential 

=  .i  C  V) 

.u-  =  CR-^  -        -        -        (6> 

r:i-e,rr:iri:i:r  ?«w\Hf!i  'lie  liaiics  T-,  T,  where  T  is  the  potential  at 
rtnt^  i  —  j  sar,  an  i  V  .  ^e  pocectial  at  time,  f  =  /,  we  have 

V 

r  =  CR  V--  -         -        -         (7) 


V 


^, 


=  c  R :  v  ^ 

V, 

The  instrumect  beir^  as«d  idiossadcallT,  the  potential  at  any 
time  is  pivportiviiju  to  the  square  root  of  the  deflection.  If  C  is 
given  in  miorv^ririkds^  equation  \^)  will  give  R  in m^v^uns,  and  as 

R  A 

before  the  specido  resistance  will  be  eqnal  to     -r—  m^ohms. 

The  contact  pieces  used  wne  of  considerably  smaller  area  than 
the  slabs  tested,  so  as  to  leave  a  margin  of  the  insulator  all  round* 
The  question  of  contact  pieces  gave  a  little  trouble,  but  it  was 
ultimatelv  found  most  convenient  to  use  sheets  of  tinfoil  backed 
by  a  pad  of  cotton  wool  for  low  temperatures,  and  for  high 
temperatures,  platinum  foil  covered  by  a  block  of  wood  To 
secure  as  good  contact  as  possible,  pressure  was  applied  by  means 
of  heavy  weights. 

In  Table  L  there  are  shown  the  results  of  the  first  set  of 
experiments.  These  measurements  were  made  at  the  ordinary 
tein()erature  of  the  Physical  Laboratory  of  Glasgow  Univei^ty, 
and  under  ordinary  atmospheric  conditions  generally,  the  only 
preparation  which  the  various  slabs  received  being  a  careful 
cleaning  of  their  surfaces. 
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TABLE  I. 


t 

SPBCIFIC  JKK8ISTANCK. 

Masks. 

Material. 

In  Megohms. 

In  C.G.S,  Units. 

I. 

Slate,         -        -        -        - 

14-84 

1484x10" 

n. 

Slate,        .... 

18-5 

1860x10" 

m. 

Serpentine, 

4615 

4615x10" 

IV. 

Carboniferous  limestone,  • 

265 

2650 X 10* ♦ 

V. 

Black  marble,  - 

1027 

1027x10" 

VI. 

Fluorite,   -        -        .        . 

4285 

4285x10" 

VI  r. 

White  marble, 

7998 

7998x10" 

The  noticeable  feature  of  these  results  is  the  comparatively  low 
resistance  of  slate  and  the  very  high  resistance  of  common  white 
marble.  The  high  insulation  of  the  fluorite  may  have  been  partly 
due  to  the  fact  that  the  specimen  tested  was  polished  on  both 
sides,  but  I  have  been  unable  as  yet  to  verify  this. 

The  same  specimens  were  then  baked  for  three  hours  over  a 
sand-bath  and  again  tested.  As  I  have  mentioned  already,  these 
preliminary  experiments  were  for  the  purpose  of  arriving  at  a 
speedy  determination  good  enough  for  practical  purposes,  and, 
consequently,  no  means  were  adopted  to  ascertain  the  temperature 
of  the  slabs  when  their  resistance  was  measured «  It  was  greater^ 
however,  than  under  ordinary  conditions  they  would  be  subjected  to 
in  practice,  and,  inasmuch  as  each  specimen  was  subject  to  exactly 
the  same  treatment,  the  figures  in  Table  II.  may  be  regarded  as 
comparable  to  a  great  extent. 

TABLE  n. 


Ma&ks. 

Matebial. 

Specific  Resistance. 

Megohms. 

C.G.S.  Unite. 

I. 

Slate,    .... 

8-7 

87  X  10^ ♦ 

IIL 

Serpentine,  - 

37  0 

37  X  10" 

V. 

Black  Marble, 

20,0000 

20  X  10" 

vn. 

White  Marble,      - 

19,000  0 

19  X  10" 

Vol.  XD 

C.                                        S 
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The  various  materials  were  next  subjected  to  a  process 
of  parafl&ning.  They  were  suspended  in  boiling  paraffin  for  about 
six  hours  in  such  a  way  that,  while  the  under  surface  was 
immersed  in  the  paraffin,  the  bulk  of  the  slab  was  exposed  to  the 
air.  Bj  this  arrangement  it  was  hoped  that  the  air  and  moisture 
in  the  various  slabs  would  be  completely  expelled  by  the  paraffin. 
The  success  of  this  process  varied  considerably  with  different 
materials,  and  this  point  is  particularly  interesting  in  view  of 
some  remarks  made  recently  relative  to  this  subject  at  a  meeting 
of  the  Society  of  Telegraph  Engineers  and  Electricians.  It  was 
in  the  discussion  a  few  months  ago  on  Mr.  Cockbum's  paper  on 
'*  Safety  Fuses,''  in  which  Mr.  Crompton  stated  that  slate  when 
soaked  in  paraffin  made  an  almost  perfect  insulator.  Instead  of 
tliis  I  found  that  slate  scarcely  absorbed  paraffin  at  all:  the 
paraffin,  indeed,  owing  to  surface  action,  soon  overspread  the 
slate,  but  it  did  not  penetrate  into  the  materiaL  And  so,  indeed, 
it  was  found  when  the  paraffin  was  removed  from  the  surfa^ce  and 
the  slate  again  tested,  that  the  resistance  remained  the  same  as  it 
was  when  in  the  normal  condition.  Consequently,  it  was  on  the 
thin  coating  of  paraffin  that  Mr.  Crompton  had  to  depend  for  his 
insulation,  and  not  on  the  slate  itself.  It  was  found,  moreover, 
that  serpentine  absorbed  the  paraffin  only  to  a  very  slight  extent, 
but  that  white  marble  readily  absorbed  it  In  the  latter  case 
there  wiis  another  curious  and  also  practically  important  effect  of 
the  paraffining  process,  which  had  a  hardening  effect  on  the 
marble,  rendering  it  much  less  easily  breakable.  The  effects  of 
the  paraffin  on  the  insulating  qualities  of  the  various  materials 
are  sliown  in  Table  III. 


TABLE 

III. 

■ 

SPBCniC    RCSISTAXCX. 

Marks. 

\[at«rlA) 

t 

M^olmiB. 

C.G.S.  Unit*. 

I. 

Slate, 

14 

■      14  X  10»» 

m. 

Serpentine, 

S3 

.      83  X  10>» 

V. 

'*   Black  marble,   - 

8,000 

80  X  W 

vn. 

White  marble,  - 

5,000,000 

50  X  lO" 
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All  these  figures  point  to  .the  superiority  of  marble  as  an  insul- 
ator, and  there  is  no  reason  against  its  occupying  the  place  which 
slate  at  present  holds  in  electric  light  fittings,  and  almost  every 
reason  in  its  favour.* 

Although  valuable  from  a  practical  point  of  view,  the  figures 
which  I  have  given  do  not,  however,  represent  the  true  insulating 
value  of  the  materials,  inasmuch  as  the  measurements  were  made 
in  the  presence  of  some  moisture  at  least,  or  else  of  paraffin.  My 
next  object,  therefore,  was  to  get  rid  of  moisture  entirely  and 
secure  a  measurement  which  would  represent  the  specific  resistance 
of  the  materials  themselves.  The  arrangements  made  to  effect  this 
are  shown  in  Fig.  3,  which  sufficiently  explains  itself.  Arranged 
as  before,  the  insulator  and  contact  pieces  are  enclosed  in  a  tin-plate 
box,  which,  in  its  turn,  is  enclosed  in  a  sand-bath.  The  conductor 
from  one  of  the  contact  pieces  is  led  through  a  wide  glass  tube  to 
the  insulated  quadrants  and  the  other  conductor  is  led  to  earth. 
The  arrangements  for  testing  are  the  same  as  those  shown  in  Fig. 
2.  The  apparatus  in  Fig.  3  was  heated  up  to  about  200*  C.  and 
kept  at  that  temperature  for  some  hours.  All  the  moisture 
expelled  from  the  insulator  was  absorbed  by  strong  sulphuric  acid 
placed  in  a  vessel  in  the  inner  box.  As  the  insulator  was  allowed 
to  cool,  readings  were  taken  at  intervals,  and  the  specific  resistance 
at  various  temperatures  deduced.  The  curves  in  Fig.  4  are  plotted 
from  the  values  obtained  for  slate  and  marble  at  various  tempera- 
tures, and  may,  I  think,  be  regarded  as  giving  the  specific  resistance 
at  those  temperatures  of  the  materials  themselves  free  from 
moisture. 

Finally,  it  may  be  interesting  to  observe  how  these  materials 
compare  as  insulators  with  glass.  Table  lY.  gives  the  specific 
resistance  at  100°  C.  of  slate  and  marble  and  some  kinds  of  glass, 
varying  in  density  and  percentage  composition.  The  figures  for 
glass  in  this  Table  are  taken  from  Messrs.  T.  Gray  and  J.  J. 
Debbie's  paper  "On  the  Electrical  Qualities  of  Glass,"  in  the 
Proceedings  of  the  Royal  Society  for  1884. 

*  Since  this  paper  was  read  the  President  of  the  Vienna  Society  of  Elec- 
tricians, who  officially  inspected  the  underground  system  in  connection  with 
the  lighting  of  the  Burg  Theatre,  Vienna,  recently  completed,  has  stated 
that  the  only  defective  insulation  in  the  system  existed  in  the  slate  sup- 
ports of  the  cut-outs,  and  of  the  other  apparatus  of  this  kind. 
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TABLE  IV, 


Material. 

Density. 

PSRCKNTAOS  COHPOSITIOH. 

1 

Specific  reaifttance  at  a 

temp,  of  1000^  C.  In  abiolate 

nnlts. 

1 

SiOa. 

PbO.        ' 

Glass,    - 

i»       ■        " 
>»       '         " 

White  Marble, 
Slate,    - 

3141 
3145 
2*854 
2-811 

» *  • 
•  ■  • 

47.5 
55-7 
62-7 
62-3 

•  •  t 

•  •  • 

40-6 
371  » 

20-6 

1 

19-9      1 

1 

•  •  • 

•  •  • 

84x10*^ 

47x10" 

5-34x10" 

4-53x10" 

1            215x10" 

0-84x10" 
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Report  of  the  Society's  Eepresentative  at  the  Glasgow  and 
West  of  Scotland  Technical  College. 


[Read  before  the  Society,  2nd  May,  1888.] 


John  Mayer,  Esq.  2nd  May,  1888. 

Dear  Sir, — For  the  information  of  the  President,  Council,  and 
Members  of  the  Philosophical  Society,  I  beg  to  report  that,  as  the 
representative  of  the  Society,  I  have  attended  thirty-three  meetings 
of  the  Governors  of  the  Glasgow  and  West  of  Scotland  Technical 
College. 

The  amalgamation  of  old  and  rival  institutions  has  necessarily 
been  a  work  of  time  and  labour,  but  I  am  now  glad  to  report  that 
my  able  colleagues  are  working  in  a  most  harmonious  way  for  the 
interests  of  the  College,  and  that  much  excellent  work  has  been 
done  in  extending  the  scope  and  number  of  the  classes,  both  in  the 
day  departments  and  evening  class  departments  of  the  College 
proper,  and  in  the  School  attached  to  the  College  known  as  ''Allan 
Glen^s." 

In  regard  to  the  latter,  extensive  additions  have  been  arranged 
for  the  Buildings,  and  also  much-needed  repairs  and  additions  of 
apparatus  have  been  made  both  in  the  Bath  Street  and  the 
Andersonian  Buildings. 

The  attendance  at  the  classes  during  the  present  session  has 
been  quite  as  large  as  anticipated  by  the  Governors. 

It  is  hoped  that  the  generous  support  of  the  public  will  be 
forthcoming  in  providing  funds  for  improving  the  position  of  the 
College  as  regards  its  buildings,  which  are  far  behind  those  of 
other  towns  in  appearance  and  accommodation  for  the  students, 
a  finer  body  of  whom  scarcely  exists  in  the  United  Kingdom, 
measured  by  their  success  at  examinations. 

Finally,  I  have  to  draw  attention  to  the  new  Calendar  of  the 
College  which  will  shortly  be  issued,  and  which  embodies  the 
arrangements  for  the  new  session  and  thereafter,  the  details  of 
which,  especially  as  regards  the  various  curricula  for  diplomas, 
have  had  a  deal  of  our  anxious  consideration. 

Yours  faithfully, 

J.  J.  COLEMAN. 


374  Philosophical  Society  of  Glasgow, 

Report   of   Delegate   to   the   British   Association- 
Manchester,  1887. 


[Communicated  to  the  Society,  2Qd  May,  1888.] 


Last  Session  the  Council  of  this  Society  appointed  its  former 
President,  Dr.  Muirhead,  its  delegate  to  attend  the  Meeting  of 
the  British  Association  at  Manchester.  Dr.  Muirhead  was  not 
in  his  usual  health,  and  he  desired  me  to  act  as  delegate  for  him. 
This  I  did,  and  I  have  now  to  make  a  short  report  of  the  chief 
business  at  the  meetings  of  the  delegates  of  the  Corresponding 
Societies  of  the  British  Association.  The  official  report  of  the 
proceedings  may  be  seen  in  the  "  Report  of  the  British  Associa- 
tion" for  the  year. 

These  annual  meetings  of  delegates  from  scientific  societies 
were  arranged  three  years  ago  for  the  purpose  of  securing  more 
co-operation  amongst  local  societies  than  had  existed  previously, 
and  of  directing  their  work  to  a  number  of  desirable  subjects, 
which  could  be  wrought  out  best  under  a  common  plan. 

The  subjects  referred  to  at  the  meetings  of  delegates  I  shall 
arrange  under  the  different  sections  to  which  they  belong.  There 
were  two  meetings  and  thirty-two  delegates,  of  whom  seven  were 
from  Scotch  societies. 

I.  Physics. 

Temperature  Variation  in  Lakes,  Rivers,  and  Estuaries. — 
Societies  situated  in  the  neighbourhood  of  these  might  do  useful 
work  by  getting  some  of  their  members  to  take  daily  or  weekly 
observations  of  temperature.  Rules  are  to  be  drawn  up  for  this 
purpose,  and  observers  willing  to  undertake  the  work  are  desired 
to  communicate  with  Dr.  J.  Murray,  Secretary  of  this  Committee, 
"  Challenger  "  Office,  Queen  Street,  Edinburgh. 

Earth  Tremors, — Professor  Lebour  said  that  Corresponding 
Societies  might  do  good  work  by  establishing  a  great  network  of 
seismoscopes  and  seismographs.  A  seismoscope  could  be  bought 
for  £2,  and  a  seismograph  for  £26.  The  Secretary  of  this  Com- 
mittee, Professor  Lebour,  College  of  Physical  Science,  Newcastle^ 
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on-Tyne,  said  be  would  be  glad  to  communicate  with  anyone 
interested  in  the  subject. 

II,  Geology. 

Underground  Water, — Information  is  required  as  to  "  depth  of 
wells,  sections  passed  through,  the  height  at  which  water  stands 
before  and  after  pumping,  daily  records  of  height,  and  chemical 
analysis  of  water."  Circular  forms  of  inquiry  can  be  obtained 
from  C.  E.  de  Ranee,  28  Jermyn  Street,  London,  S.W. 

Erratic  Mocks, — Size,  character,  and  position  should  be  marked 
on  one-inch  Ordnance  Map.  Circular  forms  of  inquiry  of  Rev. 
Dr.  H.  W.  Crosskey,  117  Gough  Road,  Edgbaston,  Birmingham. 

Sea  Coasts  Erosion, — Particulars  and  forms  of  inquiry  are 
supplied  by  William  Topley,  28  Jermyn  Street,  London,  S.W. 

III.  Biology. 

Life-Histories  of  Plants,  —  A  letter  was  read  from  Professor 
Bayley  Balfour,  in  which  it  was  urged  that  much  good  scientific 
work  might  be  done  by  local  societies  by  encouraging  their 
members  to  **  study  the  life-histories  of  indigenous  plants  in 
their  entirety,  that  is  to  say,  from  the  stage  of  embryo  in  the 
seed  up  to  the  production  of  fruit  and  seed  again.''  As  examples 
of  contributions  of  such  a  kind,  those  of  Lubbock,  Hermann, 
Mtlller,  Kemer,  and  Ogle  were  mentioned,  and  special  attention 
was  directed  to  the  work  done  by  Wydler  and  Irmisch  on  the 
native  plants  of  Germany. 

Provincial  Museums, — The  Committee  had  been  engaged  col- 
lecting particulars  of  museums  out  of  London,  and  they  intend 
to  visit  all  the  local  museums  of  Germany,  France,  and  America. 

IV.  Anthropology. 

Prehistoric  Remains. — Good  service  could  be  rendered  by  in- 
ducing proprietors  of  such  remains  to  communicate  with  General 
Pitt-Rivers,  the  Inspector  of  Ancient  Monuments,  4  Grosvenor 
Gardens,  London,  S.W.,  with  the  object  of  placing  these  remains 
under  government  protection.  This,  the  Chairman  said,  applied 
particularly  to  Scotland.  The  recommendations  General  Pitt- 
Rivers  wished  to  make  were  these: — Local  societies  should  (1) 
report  to  him  what  monuments  in  their  district  they  think  worthy 
of  being  put  under  the  Act;  (2)  they  should  send  him  the  names 
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and  addresses  of  the  owners;  (3)  they  should  communicate  with 
the  owners,  and,  if  possible,  obtain  their  consent  to  hare  the 
monuments  placed  under  the  Ancient  Monuments  Act;  and  (4) 
they  should  report  to  him  any  damage  being  done  to  such  monu- 
ments, or  contemplated.  With  such  assistance  he  thinks  much 
more  rapid  progress  may  be  made. 

W.    C.    C&AWFORD. 


EEPORTS  OF  SECTIONS. 

SESSION  1887-88. 


[Received  at  Meeting  of  Society  on  2nd  May,  1888.] 


1.  Keport  of  the  Abchitectubal  Section. 

During  the  Session  eight  Meetings  have  been  held,  at  which 
nine  papers  have  been  read.  The  following  is  a  list  of  the  papers 
read  at  the  Meetings : — 

Monday y  November  14,  1887. — Opening  Meeting,  when  Mr. 
James  Thomson,  architect,  F.R.LB.A.,  President  of  Section, 
gave  his  Address,  subject,  "  Remarks  on  the  Architecture  of 
Glasgow  during  the  past  Fifty  Years." 

Monday^  November  28,  1887. —  Mr.  Francis  H.  Newberry, 
Glasgow  School  of  Art,  read  a  paper  on  "The  Training  of 
Architectural  Students." 

Monday^  December  12,  1888. — Mr.  T.  L.  Watson  read  a  paper 
on  "  Fire  Prevention  and  exits  from  Public  Buildings." 

Monday^  January  16,  1888.— Mr.  George  H.  Laird,  wright, 
read  a  paper  on  "  Wright  Work  f  and  Mr.  Alexander  Brown, 
plumber,  read  a  paper  on  "Plumber  Work,  Past  and  Present." 

Monday^  January  30,  1888. — Mr.  Thomas  Gildard,  architect, 
read  a  paper  on  "  Greek  Thomson." 

Monday,  February  13,  1888.— Mr.  Robert  Brydall,  St.  George's 
Art  School,  read  a  paper  on  "  Early  Sculpture  in  Scotland." 

Monday,  February  27, 1888. — Mr.  Harry  W.  Chubb,  of  London, 
read  a  paper  on  "Ancient,  Mediaeval,  and  Modern  Locks  and 
Keys." 

Monday,  March  12,  1888. — Mr.  Andrew  Black  read  a  paper  on 
"  Iron  Construction  as  adapted  to  Building  Purposes." 

The  thanks  of  the  Section  are  due  to  all  those  gentlemen. 

During  the  Session  10  Associates  joined  the  Section. 
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The  Annual  Business  Meeting  was  held  on  Monday,  March  12, 
when  the  following  gentlemen  were  elected  to  office : — 

President — Mr.  James  Thomson,  architect. 

Viee-PresiderUs — Mr.  Thomas  Gildard  and  Mr.  R.  A.  M*Gilrray. 

Treasurer — Mr.  James  Howatt. 

Secretary — Mr.  A.  Lindsay  Miller,  architect. 

Members  of  Council — Messrs.  James  Sellars,  architect;  David 
Thomson,  architect;  T.  L.  Watson,  architect;  David  MacBean, 
architect;  James  Chalmers,  architect;  William  Howatt,  measurer, 
Alexander  Muir,  builder;  William  Gilfillan,  marble  cutter; 
Andrew  Black,  smith;  William  Cairns,  plumber. 

(Signed)    A  Lindsay  Miller, 

Hon.  Secy,  of  Section, 
121  West  Regent  Stkekt. 


2.  Report  of  the  Geographical  and  Ethnological  Section. 

Two  papers  from  the  Section  were  read  before  the  Society 
during  the  Session.  The  first  was  on  ^^Burmah,"  by  Mr.  A. 
Colquhoun.  This  was  read  at  a  joint  Meeting  of  the  Society  and 
the  Chamber  of  Commerce,  held  in  the  Hall  of  the  Society,  on  the 
evening  of  Friday,  11th  November.  It  was  illustrated  by  a 
number  of  lime-light  views.  The  second,  on  "The  River  Plate 
System,"  by  Mr.  Johu  Galloway,  was  read  at  the  Society's 
Meeting  on  7th  March,  and  is  printed  in  the  Proceedings.  In 
addition  to  these,  two  Meetings  were  held  under  the  arrangement 
for  holding  joint  Meetings  with  the  Glasgow  Branch  of  the 
Scottish  Geographical  Society,  at  which  the  following  papers 
were  read: — 1st,  **The  Antarctic  Regions,"  by  Mr.  A.  Silva 
White,  on  18th  January;  2nd,  "Attempts  to  reach  the  Owen 
Stanley  Peak,"  by  Mr.  H.  0.  Forbes,  on  3rd  April.  Mr. 
Forbes'  lecture  was  given  in  the  Reception  Room,  Queen's 
Rooms,  and  was  illustrated  by  lime-light  views  of  New  Guinea, 
and  by  a  large  collection  of  curios  and  birds. 
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Office-Bearers  fw  1887-88. 

President— W.  G.  Blackie,  Ph.D.,  LL.D.,  F.R.G.S. 

Vice-Presidents  —  James  Stevenson,  F.R.G.S. ;  Sir  Michael 
Connal,  Thomas  Muir,  M.A.,  LL.D.,  F.RS.E. 

Secretary  and  Treasurer — G.  A.  Turner,  M.D.,  CM. 

Members  of  Council. — Mr.  Jas.  Grierson,  Mr.  Maxwell  Hannay, 
Mr.  Wm.  Ker,  Mr.  Jacques  Van  Raalte,  Mr.  Alex.  Scott,  Mr. 
W.  Renny  Watson,  Mr.  Robt.  Blyth,  C.A. ;  Mr.  George  Miller, 
Mr.  Jas.  Christie,  A.M.,  M.D.;  Mr.  William  Ewing,  Mr.  Nathaniel 
Duulop,  Mr.  Robert  Gow, 

(Signed)        Geo.  A.  Turner,  M.D., 

Secrttary, 


3.  Report  of  the  Biological  Section. 

The  Section  held  no  Meetings  of  its  own  during  the  Session. 

Professor  M'Kendrick  read  a  paper  before  the  Society  on  "  The 
Modern  Cell  Theory,"  and  gave  demonstrations  of  (1)  a  Spectro- 
polarimeter ;  (2)  a  Gas  Pump  for  extracting  Air  from  the  Blood ; 
(3)  a  Centrifugal  Apparatus  for  separating  Blood  Corpuscles ;  (4) 
an  Electro-myographion. 

Mr.  Maylard  gave  a  demonstration  on  "  Bacteriology." 

(Signed)        John  Yule  Mackay,  M.D., 

Secretary. 


4.  Report  of  the  Mathematical  and  Physical  Section. 

At  the  Annual  General  Meeting  of  the  Society,  held  on  the 
16th  November,  1887,  the  following  Office-Bearers  were  appointed 
to  the  Mathematical  and  Physical  Section: — 

President—^]!  William  Thomson,  LL.D.,  F.RS.,  &c. 

Vice-Presidents — Thomas  Muir,  M.A.,  LL.D. ;  and  Professor 
Robert  Grant,  LL.D.,  F.RS. 
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Secretary  and  Treasurer — Mr.  Thomas  Gray,  B.Sa,  F.R.S.E. 

Members  of  Council — Mr.  Peter  Alexander,  M.A.;  Professor 
James  Bljth,  M.A.;  Mr,  James  T.  Bottomley,  M.A.;  Mr.  Henry 
Dyer,  M.A,  B.Sc;  Professor  William  Jack,  LL.D.;  Professor 
Andrew  Jamieson,  F.RS.E.;  Professor  James  Thomson,  F.RS.; 
Mr.  Magnus  Maclean,  M. A. ;  Mr.  James  Wood,  M. A. 

The  Section  has  contributed  thi-ee  papers  to  the  Society  during 
the  Session,  and  the  following  new  Associates  have  been  elected : — 

Mr.  J.  H.  Gray,  Mr.  W.  Leckie,  Mr.  Andrew  W.  Meikle,  Mr. 

James    Erskine    Murray,   Mr.    Thomas    Shields,   Mr.   Malcolm 

Sutherland. 

(Signed)        Thomas  Gray, 

Secretary, 
Physical  Labokatoby,  Umvebsity  of  Glasgow. 


5.  Report  of  the  Chemical  Section. 

The  Associates  have  during  the  past  Session  been  invited  by 
post-card  to  the  periodical  Meetings  of  the  Glasgow  and  West  of 
Scotland  Branch  of  the  Society  of  Chemical  Industry.  No  papers 
have  been  directly  contributed  to  the  Section  during  the  Session. 

The  fact  of  the  existence  of  the  above-named  Society,  together 
with  the  establishment  some  time  ago  of  a  large  Chemical  Society, 
similar  in  its  aims  to  our  Section,  in  connection  with  one  of  the 
principal  educational  institutions  of  the  City,  accounts  for  the 
absence  of  progress  in  our  Chemical  Section. 

There  are  ten  Associates  on  the  roll,  one  of  whom  during  the 
Session  joined  the  Membership  of  the  Philosophical  Society. 

(Signed)      John  Tatlock, 

Secretary, 


6.  Report  op  the  Sanitary  and  Social  Economy  Section. 

A  Meeting  of  the  Section  was  held  on  16th  November,  1887,  at 
which  the  following  Office-Bearers  were  elected : — 

President— lEtheiL  Duncan,  M.D.,  4  Royal  Crescent,  CrosshUL 
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Vice-Presidents — James  Christie,  M.D.,  2  Great  Kelvin  Terrace; 
and  John  Glaister,  M.D.,  4  Grafton  Place. 

Members  of  Council — Messrs.  Alex.  Frew,  175  Hope  Street; 
NeU  Carmichael,  M.D.,  29  South  Cumberland  Street;  W.  R.  W. 
Smith,  6  South  Hanover  Street;  John  Young,  234  Parliamentary 
Boad;  James  Chalmers,  101  St.  Vincent  Street;  Peter  Fyfe,  1 
Montrose  Street;  Walter  Arrol,  16  Dixon  Street;  Alex.  Scott, 
2  Lawrence  Place;  W.  P.  Buchan,  21  Renfrew  Street;  J.  C. 
Bums,  30  Jamaica  Street;  John  Honey  man,  140  Bath  Street; 
and  H.  K.  Bromhead,  245  St.  Vincent  Street. 

It  was  agreed  to  recommend  that  papers  by  the  following 
gentlemen  be  read  before  the  Society  during  the  Session,  viz. : — 
(1)  Paper  by  Mr.  John  Honeyman;  (2)  Paper  by  Mr,  Peter  Fyfe, 
Mr.  Honeyman  was  unfortunately  unable  to  complete  his  paper 
in  time  for  this  Session.  Mr.  Fyfe  read  his  paper  before  the 
Society  on  11th  April,  1888,  the  subject  being  "  Important  Points 
in  the  Sanitary  Work  of  a  great  City." 

The  Section  has  been  occupied  during  the  latter  part  of  the 
Session  with  the  Memorial  to  be  presented  to  the  Secretaiy  for 
Scotland  on  (1)  the  Amendment  of  the  Burials  Act;  (2)  Consider- 
ation of  other  means  than  the  present  for  the  disposal  of  our  dead. 

(Signed)       W.  R.  M*  Church, 

Secretary, 
75  St.   George's  Place. 


7.  Report  op  thb  Economic  Science  Section. 

The  Economic  Science  Section  has  held  eleven  Meetings  during 
the  Session,  and  has  sent  one  communication  to  be  read  before 
the  Philosophical  Society.  Several  Associates  have  retired  and 
several  have  joined  during  the  Session,  the  total  number  being 
now  61,  or  three  more  than  at  the  close  of  last  Session.  One 
Associate  has  become  a  Member  of  the  Society,  and  some  of  the 
Members  who  have  joined  the  Society  during  the  present  Session 
have  done  so  on  account  of  their  interest  in  the  work  of  this 
Section. 
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The  following  is  a  statement  of  the  work  accomplished  dnring 
the  Session: — 

Monday^  Xovember  7,  1887. — Paper  on  *"  Bailway  BateSi"  read 
by  Mr.  Mark  DavidsoD,  MA.,  LL.Ry  advocate. 

Wedne$day,  Nooemher  11,  1887. — Paper  on  "Factory  Indostry 
and  Socialism,"  read  by  Mr.  Wm.  Smarts  M.  A.,  before  the  Philo- 
sophical Society. 

Monday,  November  21,  1887. — Meeting  for  the  discussion  of 
Mr.  Smart's  paper. 

Monday,  December  5, 1887. — Paper  on  '*  Co-operative  Production 
and  Profit  Sharing,"  by  Mr.  James  Mavor. 

Thursday,  January  12, 1888.— Paper  on  "  Free  and  Fair  Trade," 
by  Mr.  Stephen  Mason,  M.P. 

Monday,  January  23,  1888.— Paper  on  "  Godin's  Familistere," 
read  by  Mr.  J.  Murray  Templeton. 

Monday  J  February,  6,  1888. — Paper  on  ''American  Currency," 
read  by  Mr.  And.  S.  McClelland. 

Monday,  February  20,  1888. — Paper  on  "The  Constitution 
and  Course  of  the  Money  Market,"  read  by  Mr.  Charles  Gairdner, 
President  of  the  Section. 

Monday,  March  5,  1888. — Paper  on  "  Emigration,"  read  by 
Mr.  Walter  W.  Blackie,  B.Sc. 

Monday  J  March  19,  1888. — Paper  on  "  Preventible  Bank- 
ruptcies," by  Mr.  John  Mann,  jun.,  M.A.,  C.  A. 

Thursday,  April  6,  1888. — Paper  on  "  Some  of  the  Social  and 
Economic  Aspects  of  the  Welsh  Iiand  Question,"  read  by  Professor 
H.  Jones,  M.A-,  of  University  College,  Bangor. 

Three  new  Members  have  been  added  to  the  Council,  namely: — 
Mr.  George  Barclay,  Mr.  Chas.  K  Beckett,  M.A.,  LL.B.;  Mr. 
James  Marr. 

(Signed)      Walteb  W.  Blackie, 

Hon.  Secy,  of  Section. 
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MEMOIR  OF  Mr.  DAVID  SANDEMAN.* 


Davip  Bandsman  was  bom  at  Edinburgh  in  1814.  After  receiving 
his  education  there  he  went  to  London,  and  spent  several  years  in 
business  houses  in  the  Metropolis  before  founding  the  Glasgow 
firm  with  which  his  name  was  so  long  and  so  honourably  identified. 
Puring  the  greater  part  of  his  life  in  this  city  he  took  a  deep 
interest  in  the  cause  of  Technical  Education.  The  frequent  visits 
he  paid  to  France  and  Germany  enabled  him  to  obtain  a  clear 
insight  into  the  principles  on  which  this  important  branch  of 
education  is  conducted  on  the  Continent,  and  to  appreciate  the 
advantages  it  confers  on  foreign  manufacturers.  It  was  the  earnest 
desire  he  felb  for  the  enjoyment  of  similar  advantages  in  our  own 
country  that  led  him  to  become  a  warm  advocate  and  promoter  of 
the  movement  inaugurated  in  Glasgow  in  1871  for  the  establish- 
ment of  a  Technical  College.  He  joined  the  first  committee 
appointed  for  this  purpose,  under  the  convenership  of  Mr.  Walter 
Montgomerie  Neilson,  and  became  one  of  its  most  active  members. 
Without  dwelling  at  length  on  the  history  of  the  labours  of  that 
committee,  the  fact  may  be  recalled  that  it  aimed  at  the  creation 
of  an  institution  which  should  not  only  provide  technical  education 
in  Glasgow,  but  should  also  send  lecturers  for  the  same  purpose  to 
the  suburban  districts,  and  even  to  such  places  as  Greenock,  Paisley, 
Dumbarton,  Airdrie,  Coatbridge,  &c.  An  industrial  museum,  as 
a  valuable  aid  and  stimulus  to  the  technical  arts  and  manufactures, 
also  formed  jyart  of  the  committee's  programme.  At  first  it  was 
thought  that  the  old  Glasgow  Mechanics'  Institute  buildings 
might  be  utilized  as  the  centre  from  which  the  initiative  opera- 
tions of  the  Technical  College  could  be  conveniently  carried  out. 
It  being  found,  however,  that  no  satisfactory  arrangement  could 
be  made  with  the  managers  of  that  institution,  the  committee 
drew  up  a  more  matured  proposal  for  an  entirely  independent 
building  as  a  Technical  College.  The  failure  of  such  a  scheme  is 
too  well  known :  it  was  wrecked  on  the  money  question. 

The  committee  fixed  the  sum  to  be  raised  at  £50,000,  and  a])- 
pointed  Mr.  Sandeman  to  act  as  treasurer  of  the  fund.     He  threw 


*  Prepared  at  request  of  Council. 
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himself  heartily  into  the  work,  but,  though  he  obtained  the  promise 
of  large  sums  from  many  who  were  foremost  in  the  cause,  and  sub- 
scribed liberally  himself,  the  fund  did  not  exceed  £12,000.  Some 
members  of  the  committee  became  discouraged  at  the  want  of 
success,  and  talked  of  abandoning  the  project  altogether;  but  Mr. 
Sandeman  was  determined  that  it  should  not  fall  to  the  ground. 
He  argued  in  favour  of  at  least  one  branch  of  the  Technical 
College,  the  Weaving  School,  being  organised;  and,  finding  able 
supporters  in  Mr.  Montgomerie  Neilson  and  others,  he  was 
Authorised  by  the  committee  to  call  up  a  portion  of  the  sub- 
scriptions.  Even  this  was  found  no  easy  task,  but  after  a  pro- 
longed  struggle,  in  which  Mr.  Sandeman  obtained  able  assistance 
from  Mr.  Frame,  the  secretary  of  the  College,  a  fund  of  £4,500 
was  secured.  Early  in  1874  Mr.  Sandeman  and  Mr.  Templeton 
were  appointed  to  look  out  for  a  site  for  the  Weaving  School, 
and,  with  the  approval  of  the  trustees,  a  small  piece  of  ground 
was  purchased  in  Well  Street,  Calton,  a  locality  considered  the 
most  suitable  in  Glasgow  on  account  of  the  majority  of  the  weaving 
factories  being  situated  in  the  neighbourhood.  A  weaving  shed, 
lecture  rooms,  and  offices  were  erected,  and  the  school  was  opened 
in  September,  1877,  by  Sir  James  Bain,  then  Lord  Provost  of 
Glasgow.  It  was  supposed  that  probably  about  twenty  pupils 
might  attend  the  school,  but  in  the  very  first  session  this  number 
was  more  than  doubled.  Since  then  the  average  number  of  pupils 
has  been  sixty.  Manufacturers  have  borne  testimony  to  the  great 
advantages  of  the  practical  instruction  given  at  the  school  by 
making  a  certificate  of  attendance  a  recommendation  for  entering 
their  employment.  It  is  also  satisfactory  to  know  that  the  site, 
the  building,  and  its  contents  are  almost  entirely  free  from  debt. 
For  all  these  results  great  credit  must  be  given  to  many  of  our 
leading  citizens,  as  well  as  to  the  Worshipful  Company  of  Cloth- 
workers,  London.  Beyond  all  question,  however,  the  prosperity 
of  the  institution  is  mainly  due  to  the  energy  and  indomitable 
peraeveranco  which  Mr.  Sandeman  threw  into  the  undertaking. 

In  other  educational  establishments  of  our  city  Mr.  Sandeman 
took  a  very  warm  and  active  interest.  He  was  for  many  years 
a  Director  of  Anderson's  College.  He  was  also  President  of  the 
Mechanics'  Institute  from  1873  to  1878,  and  continued  to  be  a 
Director  until  1883  not  only  of  the  Mechanics*  Institute,  until  it 
was  reconstructed  in  1880,  but  also  of  the  College  of  Science  and 
Arts.      Besides  taking  a  share  in  the   management  of   these 
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institutions,  be  subscribed  most  heartily  eveiy  year  for  prizes  to 
be  distributed  amongst  the  most  deserving  pupils,  and  in  1882  he 
presented  a  very  handsome  gold  medal  for  competition  amongst 
the  engineering  students.  Mr.  Sandeman  long  advocated  the 
amalgamation  of  the  various  technical  schools  of  the  city  under 
one  governing  body,  and  had  the  gratification  some  time  before 
his  death  of  witnessing  the  fruition  of  his  efforts  in  this  direction 
by  the  establishment  of  the  Glasgow  and  West  of  Scotland 
Technical  College,  embracing  Anderson's  College,  the  College  of 
Science  and  Arts,  and  Allan  Glen's  School.  The  Weaving  School 
is  not  yet  included  in  the  Glasgow  and  West  of  Scotland  Technical 
College,  although  provision  is  made  in  the  Scheme  for  this  being 
done.  In  the  meantime,  however,  the  instruction  given  in  the 
Weaving  School  forms  a  part  of  the  curriculum  in  '^  Textile 
Industries"  in  the  College. 

In  many  of  the  industrial,  benevolent,  and  literary  institutions 
of  Glasgow  Mr.  Sandeman  likewise  took  a  leading  part*.  He  was 
a  member  of  the  Chamber  of  Commerce,  and  for  many  years  one 
of  its  directors.  At  the  City  Parochial  Board  he  long  had  a  seat. 
He  was  connected  with  the  old  Glasgow  Public  Library,  and 
became  one  of  the  directors  on  the  amalgamation,  in  1871,  of  the 
library  with  Stirling's.  In  1875  he  was  elected  treasurer  of 
Stirling's  Library,  and  remained  in  that  office  until  his  death. 
Mr.  Sandeman  was  also  a  member  of  the  Archseological  Society, 
which  he  joined  in  1879,  and  acted  as  a  member  of  the  Council 
from  1880  to  1886,  In  the  pursuit  of  geology  he  took  a  lively 
interest.  Becoming  a  life  member  of  the  Geological  Society  in 
1861,  he  afterwards  served  on  the  Council,  and  acted  at  one  time 
as  its  vice-president.  Though  he  did  not  contribute  any  original 
papers  to  the  Geological  Society,  he  had  more  than  a  superficial 
knowledge  of  the  subject;  and  all  visitors  to  Woodlands  will 
remember  the  keen  delight  with  which  he  was  wont  to  exhibit  his 
own  admirable  collection  of  fossils,  mostly  derived  from  the  West 
of  Scotland. 

Mr.  Sandeman  became  a  member  of  the  Philosophical  Society 
in  1870,  and  took  a  very  active  interest  in  its  work,  especially  in 
so  far  as  that  was  connected  with  technical  education.  On  this 
subject  he  read  several  papers  before  the  Society,  which  were  very 
fully  discussed  at  the  time,  and  did  much  to  rouse  public  opinion 
as  to  the  necessity  for  steps  being  taken  to  keep  the  industries 
of  the  country  on  a  level  with  those  of  our  Continental  rivals. 
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In  the  coantT  of  DunbazToii*  vhere  he  resided,  Mr.  Sandeman 
vill  also  long  be  ranembered.  He  held  office  as  one  of  the  Justices 
of  the  Peace  for  the  oonntj,  and  for  some  yeais  reigned  over  the 
horgh  <^  KirkiEtilioch  as  Provost,  being  instnunental  at  that  time 
in  introducing  an  abondant  water  snppi  v. 

In  priTate  as  in  public  life  Mr.  Sandeman  had  troops  of  friends. 
A  man  of  mnch  colmre,  and  of  a  most  amiable  and  genial  disposi- 
tion, he  enjoyed  the  respect,  it  might  almost  be  said  the  love,  of 
all  who  had  the  pleasure  of  his  acquaintance.  He  died  at  his 
residence,  Woodlan^u,  Lenzie.  on  the  16th  dav  of  December,  1887. 

HENKY  DYER 


MINUTES    OF    SESSION. 


2nd  Noveti}h&r,  1887, 

The  Philosophical  Society  of  Glasgow  held  its  First  Meeting  for 
Session  1887-88  on  the  evening  of  Wednesday,  2nd  November, 
1887,  at  eight  o^clock,  in  the  Society's  Rooms,  207  Bath  Street— 
Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  Meetings  held  on  27th  April  and  4th  May, 
1887,  which  had  been  printed  in  Vol.  XVIII.  of  the  Society's 
Proceedings,  now  in  the  hands  of  the  Members,  were  held  as  read, 
were  approved  of,  and  signed  by  the  Chairman.* 

2.  The  President  delivered  his  Inaugural  Address,  the  subject 
of  which  was  "  Some  Sociological  Aspects  of  Sanitation."  At  the 
close,  he  was  awarded  a  hearty  vote  of  thanks,  on  the  motion  of 
Sir  James  Bain,  seconded  by  Mr.  James  Cleland  Bums. 

3.  Mr.  James  Thyne  M*Callum,  of  the  Great  Western  Nurseries, 
read  a  paper  on  "  Recent  Progress  in  Horticulture,"  which  was 
illustrated  by  some  Typical  Plants.  He  received  the  thanks  of 
the  Society  for  his  paper.  A  discussion  ensued,  in  which  the 
speakers  were — The  President,  Mr.  M*Lellan  (Superintendent  of 
the  City  Parks),  Mr.  J.  D.  Campbell,  Mr.  J.  C.  Bums,  Dr.  Thomas 
Muir,  and  Mr.  W.  R.  W.  Smith. 

4.  On  the  motion  of  the  President,  Mr.  Robert  Blyth,  C.A., 
and  Mr.  James  Muir,  C.A.,  were  appointed  to  audit  the  Treasurer's 
Accounts  for  the  year  1886-87. 

5.  The  President  announced  that  the  following  gentlemen,  who 
had  been  proposed  as  Candidates,  had  been  duly  elected  Members 
of  the  Society : — Mr.  William  E.  Kay,  Printworks,  Thornliebank ; 
Mr.  J.  E.  Ackroyd,  engineer,  237  Gairbraid  Street,  Mary  hill; 
Mr.  Robert  Duncan,  shipbuilder,  Port-Glasgow;  Dr.  David 
Pride,  Townhead  House,  Neilston;  Mr.  William  Mackinlay,  4 
Bothwell  Terrace,   Hillhead;  Mr.   Alexander  M.  Graham,  iron 


•  See  pages  429-431,  Vol.  XVIII. 
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and  coal  master,  20  Dixon  Street;  Mr.  Richard  J.  Wilson,  head 
master,  St.  George's  Hoad  Public  School;  Mr.  D.  M.  Alexander, 
writer,  8  Royal  Crescent,  Crosshill;  Mr.  Robert  Anderson, 
jun.,  printer,  22  Ann  Street. 


16th  November,  1887. 

The  Annual  General  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street^  on  the 
evening  of  Wednesday,  16th  November,  1887,  at  eight  o'clock — 
Dr.  J.  £.  Russell,  President,  in  the  Chair. 

1.  The  Mimites  of  the  Opening  Meeting  of  the  Session,  which 
were  printed  in  the  Notice  calling  the  Meeting,  were  held  as  I'ead, 
were  approved  of,  and  signed  by  the  Chairman. 

2.  Mr,  William  E.  Kay,  Mr.  J.  E.  Ackroyd,  Mr.  Robert 
Duncan,  Dr.  David  Pride,  Mr.  William  MacKinlay,  Mr.  Alex- 
ander M.  Graham,  Mr.  Richard  J.  Wilson,  Mr.  D.  M.  Alexander, 
and  Mr.  Robert  Anderson,  jun.,  were  admitted  to  the  Membership 
of  the  Society. 

3.  The  Annual  Report  by  the  Council  on  the  state  of  the 
Society,  having  been  printed  in  the  Billet  convening  the  Meeting, 
was  held  as  read,  and  was  unanimously  adopted,  and  ordered  to 
be  printed  in  the  Proceedings,     The  following  is  the  Report: — 

Report  on  the  State  of  the  Society  by  the  Council 

FOB  Session  1886-87. 

I.  Meetings, — During  the  SesBion,  which  opened  on  3rd  November,  1886, 
and  closed  on  4th  May,  1887,  there  were  fifteen  meetings  held,  one  being 
an  extra  meeting,  which  took  place  in  the  Natural  Philosophy  Class-Room 
at  the  University,  on  the  invitation  of  Sir  William  Thomson.  At  these 
meetings  papers  were  read  and  verbal  communications  made  to  the  number 
of  thirty-six,  of  which  twenty-nine  are  published  in  the  new  volume  of  the 
Proceedings,  Two  joint-meetings  with  the  Scottish  Geographical  Society 
were  also  held,  at  which  two  papers  were  read. 

IL  MemberslUp. — The  number  of  Ordinary  Members  on  the  Roll  at  the 
beginning  of  Session  1886-87  was  662;  during  the  Session  41  new  Members 
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were  elected,  and  one  name  was  reinstated  from  the  "Suspense  List," 
making  704;  of  these  29  have  resigned,  13  have  died,  13  have  left  Glasgow 
and  their  names  have  been  placed  on  the  Suspense  List,  and  7  have 
been  struck  off  the  KoU  for  non-payment  of  subscriptions;  leaving  on 
the  Roll  at  the  beginning  of  the  present  Session  642  Members,  being  a 
decrease  of  20.  Of  the  41  New  Members,  6  became  Life  Members; 
and  5  Ordinary  Members  also  paid  tho  composition  of  Life  Members 
during  the  Session.  There  are  now  90  Life  Members.  No  vacancies 
exist  in  the  list  of  Honorary  Members.  There  are  at  present  20  Honorary 
Members,  of  whom  7  are  Continental,  5  are  American  or  Colonial,  and 
8  are  British.  The  number  of  Corresponding  Members  is  10.  The 
Membership  of  the  Society  then  is  as  follows: — Honorary  Members,  20; 
Corresponding  Members,  10  ;  Ordinary  Members,  642 ;  or  a  total  of  672. 

III.  Sections. — (1)  Eight  meetings  of  the  Architectural  Section  were  held 
during  the  Session,  at  which  twelve  papers  were  read.  One  of  these, 
dealing  with  "Some  Minor  Rights  of  Land-Ownership,"  by  Mr.  Archibald 
Ferguson,  writer,  appears  in  the  Proceedings,  The  Council  are  much 
pleased  to  observe  the  continued  activity  and  usefulness  of  this  Section, 
the  success  of  which  is  largely  due  to  the  energy  and  business  tact  of 
Mr.  A.  Lindsay  Miller,  the  Honorary  Secretary. 

(2)  In  regard  to  the  Chemical  Section^  it  is  satisfactory  to  report  that 
before  the  beginning  of  the  Session  the  Council  of  the  Section  were  able  to 
conclude  such  arrangements  as  would  admit  of  the  Associates  being  made 
welcome  to  attend  the  meetings  of  the  Scottish  Branch  of  the  Society  of 
Chemical  Industry,  which  are  held  in  the  Rooms  of  the  Philosophical 
Society.  It  is  also  satisfactory  to  know  that  at  least  five  communications 
on  Chemical  Science  were  made  at  the  ordinary  meetings  of  the  Society 
during  the  Session. 

(3)  The  Sanitary  and  Social  Economy  Section  provided  two  papers  which 
were  read  before  the  parent  Society,  one  of  them  being  the  President's 
Address.    They  are  both  published  in  the  Proceedings, 

(4)  No  separate  meetings  of  the  Geographical  and  Ethnological  Section 
were  held  during  the  Session,  but  through  its  means  three  papers,  in  addi- 
tion to  those  already  referred  to,  were  read  at  General  Meetings  of  the 
Society.    These  all  appear  in  the  Proceedings, 

(5)  Through  the  Biological  Section  five  communications  were  made  to 
the  Society  at  the  ordinary  meetings.  They  are  all  published  in  the 
Proceedings, 

(6)  Five  communications  were  made  to  the  General  Meetings  of  the 
Society  through  the  agency  of  the  Mathematical  and  Physical  Section;  and, 
in  addition,  two  separate  meetings  of  the  Section  were  held,  at  which  four 
short  papers  were  read.    Six  of  these  papers  appear  in  the  Proceedings, 
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(7)  The  Council  are  much  pleased  to  be  able  to  report  that  a  moTement, 
which  was  commenced  early  in  the  coarse  of  the  Session,  has  resulted  in 
the  formation  of  the  Economic  Science  Seelion,  which  has  already  shown  great 
activity.  This  Section  had  enrolled  fifty-six  Associates  before  the  dose  of 
the  Session;  and,  in  addition,  it  was  influential  in  providing  a  number  of 
new  members  to  the  Society.  The  Section  was  inaugurated  by  an  address 
from  the  President,  Mr.  Charles  Gairdner,  which  is  published  in  the  Pro* 
ceedings.  It  was  delivered  at  one  of  the  Society's  General  Meetings,  but 
the  Section  also  held  six  separate  meetings.  Special  note  should  be  made 
of  the  valuable  services  rendered  to  this  Section  by  Mr.  Gairdner,  Mr. 
William  Smart,  one  of  the  Vice-Presidents,  and  Mr.  Walter  W.  Blackie, 
the  Secretary  of  the  Section. 

IV.  Proceedings.  — Volume  XVlll.  of  the  Society's  Proceedings,  which  was 
recently  issued,  is  of  such  a  character  as  to  warrant  the  Council  in  congratu- 
lating the  members  generally  upon  its  appearance.  It  contains  thirty-four 
communications  bearing  upon  a  great  variety  of  scientific  and  technological 
subjects,  and  several  of  them  will  doubtless  contribute  very  materially  to 
enable  the  Society  to  maintain  a  high  position  in  the  ranks  of  the  Scientific 
Societies  of  the  United  Kingdom.  These  papers  are  illustrated  by  means 
of  twenty -seven  figures  distributed  through  the  text,  and  by  fifteen  plates, 
five  of  which  are  coloured. 

V.  The  Graham  Lecture, — A  prominent  item  of  the  Society's  work 
during  the  Session  was  the  delivery  of  the  third  Triennial  "  Graham  '* 
Lecture,  by  Dr.  T.  E.  Thorpe,  F.KS.,  who  was  formerly  an  active 
and  esteemed  member  of  the  Philosophical  Society  of  Glasgow.  His 
address  (which  appears  in  the  Proceedings)  is  au  eloquent  sketch  of  a 
portion  of  the  work  done  in  Chemical  Physics  by  Professor  Graham,  the 
late  Master  of  the  Mint,  and  a  former  Vice-President  of  this  Society. 
This  Triennial  Lecture  is  delivered  under  the  auspices  of  the  Society, 
and  paid  for  out  of  the  Graham  Medal  and  Lecture  Fund,  of  which  the 
Society  is  the  Trustee.  It  is  hoped  that  in  subsequent  years  other  eminent 
cultivators  of  science  may  be  brought  to  Glasgow  to  discharge  a  duty 
similar  to  that  performed  by  Professor  Thorpe. 

VI.  Glasgow  and  West  of  Scotland  Tecfmical  CoUegc^ln  this  Keport 
notice  should  be  taken  of  the  fact  that,  in  the  creation  of  the  Gla^ow  and 
West  of  Scotland  Technical  College,  due  regard  has  been  had  to  the  pro- 
minent and  influential  position  of  the  Philosophical  Society.  Along  with 
various  other  public  bodies  in  Glasgow,  the  Society  was  empowered  to  elect 
one  of  the  Governors  of  the  College,  and  the  Council  are  glad  to  know  that  in 
selecting  Mr.  J.  J.  Coleman,  F.R.S.E.,  as  the  Society's  representative,  they 
made  an  excellent  choice. 

VII.  Representative  to  the  Scottish  Meteorological  Society. — In  the 
course  of  the  past  Session  the  Council  were  requested  by  the  Scottish 
Meteorological   Society  to    appoint   a    representative    to    assist    in    the 
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management  of  the  Ben  Nevia  Observatory,  in  conjunction  with  repre- 
sentatives of  the  Royal  Societies  of  London  and  Edinburgh.  The  recognition 
of  the  status  of  the  Society,  both  in  this  instance  and  in  the  Governorship 
of  the  Technical  College,  was  mainly  due  to  the  exertions  of  Dr.  Henry 
Muirhead,  who  represents  the  Society  as  one  of  the  ex-officio  Members  of 
Council  of  the  Meteorological  Society. 

VIII.  Index  to  Proceedings. — ^The  Council  have  pleasure  in  intimating 
that,  in  accordance  with  a  strongly-expressed  desire,  a  General  Index  to 
the  Society's  Proceedings  is  now  in  course  of  preparation.  It  is  intended 
to  make  it  embrace  a  series  of  twenty  volumes  of  Proceedings,  two  of  which 
have  still  to  be  published.  The  work  has  been  undertaken  by  Professor 
John  Ferguson,  Professor  E.  J.  Mills,  and  Mr.  John  Robertson,  Librarian. 

IX.  Proposed  New  Section, — A  desire  has  been  expressed  in  favour  of 
forming  a  Philological  Section  in  connection  with  the  Society,  and  the 
paper  read  in  the  course  of  last  Session  by  Dr.  James  Colville,  M.A.,  aimed 
at  giving  some  practical  direction  to  that  desire.  The  Council  will  be  glad 
to  give  eveiy  encouragement  to  the  formation  of  such  a  Section  of  the 
Society,  in  order  that  the  study  of  the  Science  of  Language  may  make 
progress  under  its  auspices. 

X.  Finance, — The  Treasurer's  Statement  shows  that  the  last  of  the 
Floating  Debt,  £200,  has  been  practically  paid  o£f  during  the  year.  This 
is  to  be  attributed  to  payments  by  Life  Membera  on  the  one  hand,  and  to 
the  considerably  diminished  general  expenditure  on  the  other. 

The  Council  have  had  under  consideration  the  propriety  of  Funding— in 
some  form— a  proportion  of  the  Life  Membership  Subscriptions,  and  now  that 
the  Floating  Debt  is  discharged,  this  subject  will  have  their  attention. 
Ninety-six  Members  have  paid  the  Life  Subscription  of  £10  10s.,  yielding 
£1,008,  which  has  enabled  the  Society  to  maintain  an  equal  footing  with 
the  Institution  of  Engineers  and  Shipbuilders,  as  co-proprietors  of  the 
buildings. 

By  order  and  on  behalf  of  the  Council. 

(Signed)        JOHN  MAYER, 

Secretary, 

4.  The  Report  by  the  Treasurer,  giving  an  Audited  Statement 
of  the  Funds  of  the  Society,  which  was  signed  by  Mr.  James 
Muir,  C.A.,  and  Mr.  Robert  Blyth,  C.A.,  and  was  also  printed  in 
the  Billet^  was  held  as  read,  was  approved  of,  and  ordered  to  be 
printed  in  the  Proceedings,  The  Treasurer  likewise  submitted  an 
Inventory  of  the  Furniture,  dcq.,  belonging  to  the  Society.  This 
was  also  ordered  to  be  printed  in  the  Proceedings  for  future 
reference.     The  following  is  the  Treasurer's  Financial  Statement : — 
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Dr.  ABSTRACT  OP  TR£ASrR£R*S 

To  Txrsus  ox  HA3a>  at  Ut  Not.,  1SS6» £21    2    0 

„  Smcupnoxs  to  Slat  Oct.,  1SS7 — 

£43    1    0 


(jfram  41  Xew  McbImb,  at  2U. 

Annual  Does  from  2  Memben 
for  1SS4-^,  at  2ia.,      .  .£220 

Annual  Dues  from  10  Members 
for  ISSS^S,  at  21aw,    .  .     10  10    0 

Annnal  Dues  from  533  Oniixnry 
Memben  for  1566-67,  at  21&,  m9  13    0 

Annnal    Dues    fnm   35    Xev 
Menibenxor  IS66^7,at21a.,      36  15    0 


Life  Sabscnptxon  tron  6  X 
Memboa,  at  £10  10b., 

Life  Sabacnption  from  5   OUi 
Memben,  at  £10  IOl, 


0    0 
52  10    0 


609    0    0 


115  10    0 


9* 


19 


*• 


Corporation  of  Glasgov,  Intefcct  <«  **Ex 
hibitioii  Fnnd  "  for  year  to  WhxUnudaj. 
1887    kmi  Income  Tax.    . 


ProeeediRgM^  CtUaUyptOj  kcj  sold. 


£19  13  2 
2  S  3 
1    5  lOJ 


„  Abchubctcilai.  Sectiox — 

81  Aawyjatfa'  fees  for  1886^,  at 

„  Chemical  Sectiox — 

10  Atawriate^'  fees  for  1SS6^,  at  ,^, 

„  Geographical  axd  Ethnological  Sicnox — 

2  AsBociates"  fees  for  1SS4-83,  at  5&, 

7  Do.  for  1SS5-S6,  at  osl, 

36  DoL  for  1SS6^,  at  5&, 


£0  10  0 
1  15  0 
9    0    0 


„  Mathevatical  and  Physical  Section — 
11  \fworiatPs'  fees  for  18S6-87,  at  oa., . 

„  Economic  Scizxce  Sechox — 

52  Associates' fees  for  1886-87,  at  OS.,  . 

„  Balance  dne  to  Treasurer, 


£767  II    0 


23    7    3i 
20    5    0 

2  10    0 


11    5    0 
2  15    0 

13    0    0 
IS  12    ^ 
£880    7  11 


Memo,  by  Trfofurrr. — ^The  Amount  inTCsted  by  tbe 
Street  Joint  Building  ap  to  31st  October,  18S7,  is        . 
wbereof.  Paid  from  Society's  Funds,         £2,047    8    1^ 
Do.         JMxrietv's    'half     of 

£3,000  Bond,       .     1,500    0    0 


Society  in  tbe  Batb 
£3,^17    8    1) 


£3,5i: 


8    U 


J.  M. 
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ACCOUNT— SESSION  1886-87. 

Bt  Genebal  Exfekditube  to  Slat  October,  1887 — 

Salary  to  Secretary,  .  .  .    £75 

Allowance  for  Treasurer's  Clerks,    . 
Rent  for  Joint-Lectures  with  Scottish 
Geographical  Society,         .  .  .4 


Or. 


Expenses  at  Lectures, 


0 
15    0 

0 
0  12 


0 
0 

0 
6 


New    Books,     Periodicals,     and    Foreign 

Periodicals,  .  .  .  £103  13  6} 

Bookbinding,  .  .  .  .      19    5  0 

Printing  Circulars,  Proceedings,  &c.,  .    213  17  0 

Lithographs  and  Woodcuts  for  Proc€e<2tn{7«,&c.,  39  13  6 
Postage  and  delivery  of  Circulars,  Letters, 

and  Parcels,  •  .  .  .      36  15  4^ 

Stationery,  &c.,         .  .  .  .        2  19  3 


Fire  Insurance  on  Library  for  £5,400, 
Postages,  &c.— per  Treasurer,  £1  17s.  9d.; 

per  Secretaiy,  £5  7s.,       . 
Frames,  Bepcdrs,  &c., 
Interest  on  Loan  of  £200,    . 


£5  19  9 

7    4  9 

0  17  0 

16  0 


Joint  Expenses  of  Rooms— Society's  half  of  £364 12s.  4d., 
being  Interest  on  Bond,  Insurance,  Taxes,  Cleaning, 
Lighting,  and  Heating;  Salaries  of  Sub-Librarian  and 
Assistant — less  half  of  £94 16s.  Revenue  from  Letting, 


Private  Loan  repaid, 

Subscriptions  to  Societies — 

Ray  Society,  1887, 
Paheontographical  Society,  1887, 


£1     1    0 
1    1    0 


}» 


f » 


»> 


f> 


If 


Architectural  Section— 
Expenses  per  Treasurer  of  Section, 

Mathematical  and  Physical  Section — 
Expenses  per  Treasurer  of  Section, 

Geographical  and  Ethnological  Section— 
Expenses  per  Treasurer  of  Section, 

Sanitary  and  Social  Econobiy  Section — 
Expenses  per  Treasurer  of  Section, 

Economic  Science  Section — 
Expenses  per  Secretary  of  Section, 


£94  12    6 


416    3    8 


15    7    6 

134  18    2 
200    0    0 


2  2  0 
8    9  7 

0    5  9 

4  12  6 

0    2  6 

3  13  9 

£880    7  11 


Glasgow,  10th  November,  1887.— Vfe,  the  Auditors  appointed  by  the 
Society  to  examine  the  Treasurer's  Accounts  for  the  year  1886-87,  have 
examined  the  same,  of  which  the  above  is  an  Abstract,  and  have  found  them 
correct,  the  Balance  due  to  the  Treasurer  at  31st  October  last  being 
Eighteen  Pounds  Twelve  Shillings  and  Fourpence  Halfpenny. 

(Signed)        JAMES  MUIR,  C.A. 

ROBERT  BLYTH,  C.A. 
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6.  Mr.  John  Robebtson,  Librarian  and  Convener  of  the 
Library  Committee,  read  the  Annual  Beport  on  the  state  of  the 
Library.  This,  which  was  also  printed  in  the  Billet,  was 
unanimously  adopted,  and  ordered  to  be  printed  in  the  Proceedings, 
Mr.  Eobertson  likewise  submitted  a  number  of  the  Presentations 
which  had  been  made  to  the  Library.  The  Report  was  as 
follows: — 

Report  of  the  Library  Committee. 

The  Library  Committee  have  pleasure  in  reporting  that  the  number  of 
members  to  whom  books  were  issued  during  the  past  year  has  considerably 
increased.  The  issue  amounted  to  946  volumes,  which  were  taken  out  by 
649  members. 

At  present  99  periodicals  are  received  at  the  Library.  Of  these,  64  are 
bought  and  35  presented,  forming  altogether  144  volumes  a  year.  The 
"British  Journal  of  Photography,"  "The  Economist,"  "Industries," 
"  Zeitschrift  fiir  die  Chemische  Industrie,"  and  the  "  Quarterly  Journal  of 
Economics,"  have  been  added  since  last  Report. 

The  Presentations  to  the  Society  during  the  year  included  34  volumes, 
12  parts  of  works,  and  45  pamphlets,  while  47  volumes  and  148  parts  of 
works  were  received  in  exchange  from  155  Societies  and  Public  Depart- 
ments. There  were  x^urchased  52  volumes  and  9  parts.  The  total  additions 
to  the  Library  for  the  year  amount  to  277  volumes,  157  parts,  and  45 
pamphlets. 

Since  last  Report  correspondence  has  been  opened  up  with  the  Canadian 
Society  of  Engineers ;  Folkestone  Natural  History  Society ;  Sociedad 
Cientifica  "Antonio  Alzate,"  Mexico  ;  andDer  VVissenschaftliche  Verein  zu 
Santiago,  Chili;  Oberhessiche  Gesellschaft  fur  Natur  und  Heilkunde, 
Giessen  ;  Manchester  Association  of  Engineers. 

In  Volume  XVIII.  of  the  Proceedings,  pp.  437-445,  will  be  found  a  list  of 
the  additions  to  the  Library  by  purchase  during  last  session,  the  titles  of 
the  volumes  presented,  with  the  names  of  the  donorsj  the  names  of  the 
Societies  and  Public  Departments  with  which  exchanges  are  effected,  aud  a 
complete  list  of  the  periodicals  received  by  the  Society. 

During  the  year  98  volumes  were  bound. 

The  estimated  number  of  volumes  in  the  Library  is  10,112.  New  book- 
cases have  been  provided  for  the  better  accommodation  of  the  rapidly 
increasing  Library  of  the  Society. 

JOHN  ROBERTSON,  Librarian, 
Convener. 

6.  On  the  motion  of  the  President,  a  very  hearty  vote  of 
thanks  was  awarded  to  Mr.  Mann  and  Mr.  Robertson  for  the 
excellent  services  which  they  had  rendered  to  the  Society  during 
the  past  year. 
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7.  The  Society   then    proceeded    to   the    election    of   Office- 
bearers : — 

(1)  For  the  vacant  Vice-Presidentship,  caused  by  the  retiral  of  Dr.  W.  G. 

Blaokie,  by  rotation,  Dr.  John  G.  M'Kendrick,  F.RS.,  had  been 
recommended  by  the  Council ;  and  on  being  formally  proposed  by 
the  President,  he  was  elected  with  acclamation. 

(2)  On  the  Motion  of  the  President,  Messrs.  Robertson  and  Mann  were 

unanimously  re-elected  to  their  respective  offices  of  Librarian  and 
Treasurer. 

(3)  Before  ]()roceeding  to  the  election  of  the  Secretary,  the  President 

announced  that — in  his  unavoidable  absence,  which  he  veiy  greatly 
regretted — Dr.  M'Eendrick  had  addressed  to  him  a  note,  which 
had  already  been  read  to  a  Meeting  of  Council,  and  which  he 
desired  should  also  be  read  to  the  Annual  Meeting  of  the  Society. 
It  stated  that  it  would  have  given  him  pleasure,  and  he  would 
have  considered  it  to  be  only  his  duty,  to  have  given  his  testimony 
as  to  the  thorough  and  efficient  way  in  which  Mr.  John  Mater 
had  discharged  the  duties  of  Secretary  during  the  past  year. 
The  President  then  formally  moved  the  re-election  of  Mr.  Mayer, 
which  was  unanimously  agreed  to. 

(4)  The  President  announced  that  there  were  six  vacancies  in  the  Council 

to  be  filled — four  of  them  being  due  to  the  retiral,  by  rotation,  of 
of  Mr.  Alexander  Whitelaw,  Mr.  A.  Lindsay  Miller,  Mr.  Robert 
Goodwin,  and  Dr.  J.  M'Gregor  Robertson  ;  one  to  the  election  of 
Dr.  M'Kendrick  to  a  Vice-Presidentship;  and  one  caused  by  the 
resignation  of  Mr.  R.  F.  Mnirhead,  who  had  gone  to  London.  Mr. 
William  Milne,  on  behalf  of  the  Council,  nominated  the  following 
gentlemen : — Mr.  Adam  Knox,  engineer;  Dr.  Thomas  Muir,  M.A., 
F.R.S.E.,  of  the  High  School ;  Dr.  John  Glaister ;  Mr.  J.  T.  Bot- 
tomley,  M.A.,  F.R.S.E.;  Mr.  John  Farquhar,  merchant;  and  Mr. 
Wallace  Fairweather,  C.E.  There  being  no  other  nominations, 
those  gentlemen  were  declared  elected— Mr.  Fairweather,  in  room 
of  Mr.  Mnirhead,  to  serve  one  year ;  Mr.  Farquhar,  in  room  of  Dr. 
M'Kendrick,  to  serve  two  years ;  and  the  other  gentlemen  named 
to  serve  the  ordinary  period  of  three  years. 

(5)  Various  Office-bearers  of  the  Geographical  and  Ethnological  Section 

were  appointed,  according  to  resolution  of  the  Society  of  11th 
April,  1883 ;  and  of  the  Chemical,  Biological,  Sanitary  and  Social 
Economy,  Mathematical  and  Physical,  and  Economic  Science 
Sections,  in  accordance  with  resolutions  of  Society  of  18th 
November,  1885,  and  2nd  February,  1887. 

8.  At  the  close  of  the  business  proper  to  the  Annual  Meeting, 
the  President  referred  to  the  death  of  Dr.  Fergus,  which  took 
place  during  the  summer  recess,  and  he  moved  the  following  reso- 
lution, which  was  unanimously  approved  of: — "That  we  record 


Minutes  of  Session.  397 

our  grateful  recollection  of  the  services  rendered  to  the  Society  by 
the  late  Dr.  Andrew  Fergus  during  many  years,  and  in  many 
ways,  but  especially  during  his  Presidentship,  in  connection 
with  the  erection  of  the  buildings  which  we  now  occupy,  and  the 
incorporation  of  the  Society;  also  our  sense  of  the  great  loss 
the  Society  has  sustained  in  his  death:  that  an  extract  of  this 
Minute  be  forwarded  to  Mrs.  Fergus,  with  an  expression  of  our 
deep  sympathy  with  her  and  her  family  in  their  bereavement." 

9.  Mr.  William  Smart,  M.A.,  Lecturer  on  Political  Economy, 
Vice-President  of  the  Economic  Science  Section,  read  a  paper  on 
"  Factory  Industry  and  Socialism,"  being  a  communication  from 
that  Section.  The  author  was  cordially  thanked  for  his  paper, 
and  the  discussion  of  it  was  held  over  for  the  opening  meeting  of 
the  Section. 

10.  Mr.  D.  Sinclair,  Engineer  to  the  National  Telephone  Com- 
pany, exhibited  and  briefly  described  a  set  of  Instruments  for  a 
new  King-off  System  applicable  to  Telephone  Exchanges  and  other 
purposes.  He  was  awarded  the  thanks  of  the  Society  for  his 
communication. 

11.  The  following  gentlemen  were  declared  to  have  been  duly 
elected  into  the  Society: — Mr.  David  S.  Miller,  commission  mer- 
chant, 1  Eoyal  Terrace,  West ;  Mr.  Charles  H.  Yeaman,  electrical 
engineer,  2  Albany  Place;  Mr.  James  Thyne  M*Callum,  florist, 
83  St.  Yincent  Street;  Mr.  J.  Carfrae  Alston,  merchant,  9  Lor- 
raine Gardens,  Dowanhill;  Mr.  Thomas  Gray,  B.Sc,  F.RS.E., 
Physical  Laboratory,  University  of  Glasgow;  Mr.  Thomas  J. 
Menzies,  M.A.,  B.Sc,  F.C.S.,  head-master,  Stonelaw  School, 
Rutherglen;  Mr.  Matthew  Edwards,  optician,  209  Sauchiehall 
Street;  Mr.  David  Heid,  philosophical  instrument  maker,  209 
Sauchiehall  Street;  and  Mr.  Matthew  Blair,  yam  merchant,  11 
Hampton  Court  Terrace. 


SOth  November,  18S7. 

The  Second  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street,  on 
the  Evening  of  Wednesday,  SOth  November,  1887,  at  Eight 
o'clock — Dr.  J.  B.  Russell,  President,  in  the  Chair. 
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1.  The  Minutes  of  the  Annual  General  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  bj  the  Chairman. 

2.  Mr.  David  S.  Miller,  Mr.  Charles  H.  Yeaman,  Mr.  James 
Thyne  M*Callura,  Mr.  J.  Carfrae  Alston,  Mr.  Thomas  Gray, 
B.Sc.,  F.R.S.E.;  Mr.  Thomas  J.  Menzies,  M.A.,  B.Sc,  F.G.S.; 
Mr.  Matthew  Edwards,  Mr.  David  Beid,  and  Mr.  Matthew 
Blair  were  admitted  to  the  Membership  of  the  Society. 

3.  Mr.  Henry  Dyer,  O.R,  M.A.,  Member  of  Council,  read  a 
paper  on  "  The  Technical  Schools  (Scotland)  Act,  and  its  Relations 
to  Elementary  and  Higher  Education,^'  for  which  he  was  awarded 
a  vote  of  thanks.  A  discussion  ensued,  in  which  the  speakers 
were — Sir  John  Cuthbertson,  Miss  Grace  Paterson,  Mr.  J.  H. 
Kerr,  and  Mr.  William  Mitchell,  Members  of  the  Glasgow  School 
Board;  Mr.  William  Jolly,  H.M.  Inspector  of  Schools;  Dr. 
Thomas  Muir,  and  Mr.  R.  C.  Grant,  ex-Chairman  of  the  Glasgow 
Trades  Council. 

4.  The  President  announced  that  the  following  gentlemen  had 
been  duly  elected  into  the  Society: — Mr.  Thomas  Richmond, 
L.R.C.P.E.,  surgeon,  26  Burnbank  Terrace;  Mr.  Paul  Femau, 
merchant,  6  Broomhill  Avenue,  Partick;  Dr.  Freeland  Fergus, 
F.F.P.S.G.,  191  Bath  Street;  Mr.  Matthew  P.  Fraser,  writer, 
91  West  Regent  Street;  Mr.  Alexander  Gait,  B.Sc,  F.R.S.R, 
F.C.S.,  science  demonstrator,  9  Park  Place,  Rutherglen;  Mr.  John 
Young,  M.A.,  B.Sc,  secretary,  Glasgow  and  West  of  Scotland 
Technical  College;  Mr.  John  A.  Warren,  civil  engineer,  115 
Wellington  Street. 


J 4th  December,  1887, 


The  Third  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street, 
on  the  Evening  of  Wednesday,  14th  December,  1887,  at  Eight 
o'clock — Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Second  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 
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2.  Mr.  Thomas  Kichmond,  Mr.  Paul  Fernau,  Dr.  Freeland 
Fergus,  Mr.  Matthew  P.  Fraser,  Mr.  John  Young,  and  Mr.  John 
A.  Warren  were  admitted  to  the  Membership  of  the  Society. 

3.  Dr.  Eben.  Duncan  read  a  Biographical  Notice  of  the  late 
Dr.  Andrew  Fergus,  a  former  President  of  the  Society.  On  the 
motion  of  the  President,  Dr.  Duncan  was  awarded  the  thanks  of 
the  Society  for  his  communication.  Dr.  Russell  then  read  the 
following  reply  from  Mrs.  Fergus  to  the  vote  of  sympathy  which 
was  passed  at  a  former  Meeting  of  the  Society : — 

"191  Bath  Street, 
"Glasgow,  December Snd, 

"The  Secretary  op  the  Philosophical  Society. 

"  Dear  Sir, 

"On  behalf  of  myself  and  my  family,  I  beg  to  thank 
the  President  and  Gentlemen  of  the  Philosophical  Society  for  their  kind 
sympathy  with  us  in  our  unspeakable  bereavement.  Many  a  happy  night 
my  dear  husband  spent  in  the  Society's  meetings,  and  many  a  dear  friend 
he  had  among  its  Members.  I  remember  how  pleased  he  was  when  the 
new  building  was  completed,  and  how  he  insisted  that  I  should  go  over 
and  see  it ;  and  also  his  name  on  the  glass  of  the  staircase  window.  We 
can  never  cease  to  take  an  interest  in  the  Society's  progress  and  well-being, 
and  trust  that  all  its  Members  may  be  as  devoted  to  its  success  as  he  was 
who  is  still  so  kindly  remembered. 

"  I  remain,  Dear  Sir, 

"Yours  most  truly, 

"MARGARET  FERGUS." 

4.  Professor  M*Kendrick  read  a  paper  on  "  The  Modern  Cell 
Theory  and  the  Phenomena  of  Fecundation,"  for  which  he  received 
the  hearty  thanks  of  the  Society. 

5.  The  President  announced  that  Mr.  William  Bathgate,  M.A., 
H.M.  inspector  of  schools,  11  Hamilton  Drive;  and  Mr.  Henry 
A.  Mavor,  electrician,  140  Douglas  Street,  had  been  duly  elected 
Members  of  the  Society ;  and  he  also  announced  that,  on  account 
of  the  Christmas  and  New  Year  Holidays,  the  next  Meeting  of 
the  Society  would  not  be  held  till  11th  January,  1888. 


11th  Janiiarj/,  188S. 

The  Fourth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society*s  Rooms,  207   Bath  Street,  on 
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the  Evening  of  Wednesday,  11th  January,  1888,  at  Eight  o'clock 
— Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Third  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  Mr.  William  Bathgate,  M.A.,  and  Mr.  Henry  A.  Mavor 
were  admitted  to  the  Membership  of  the  Society. 

3.  Mr.  William  Bottomley,  C.E.,  read  a  paper  on  "The 
Heeling  Error  of  the  Compass  in  Iron  Ships."  Some  remarks 
were  made  on  the  subject  of  the  paper  by  Mr.  Nathaniel  Dunlop 
and  Mr.  Thomas  Gray,  and  the  thanks  of  the  Society  were  passed 
to  Mr.  Bottomley. 

4.  Dr.  James  Colville,  M.A.,  read  a  paper  on  "  Public  Museums 
as  Aids  in  Teaching."  In  the  discussion  to  which  the  paper 
gave  rise,  remarks  were  made  by  the  President,  Mr.  Dyer, 
Mr.  James  Paton,  Curator  of  Museum  and  Galleries;  and  Mr. 
John  Lochore,  Fairfield  Public  School.  On  the  motion  of  the 
Chairman,  a  vote  of  thanks  was  awarded  to  Dr.  Colvilte  for  his 
suggestive  paper. 

5.  The  President  announced  that  Mr.  William  Macfarlane, 
papermaker,  Edina  Lodge,  Butherglen;  Bailie  James  M'ljennan, 
wine  merchant,  St.  Andrew  Street;  Councillor  Robert  Graham, 
wholesale  bookseller  and  news  agent,  61  Eglinton  Street; 
Councillor  Thomas  Cumming,  merchant,  North  Wallace  Street; 
and  Bailie  William  Stevenson,  quarrymaster,  21  Clyde  Place,  had 
been  duly  elected  Members  of  the  Society. 


25ih  January,  1888. 


The  Fifth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street,  on 
the  Evening  of  Wednesday,  25th  January,  1888,  at  Eight  o'clock 
— Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Fourth  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 
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2.  The  following  new  Members  were  admitted : — Mr.  WUliani 
Macfarlane,  Edina  liodge^  Kutherglen;  Bailie  James  McLennan, 
Ck)iuicillor  Robert  Graham,  Councillor  Thomas  Cummingy  and 
Bailie  William  Stevenson. 

3.  Mn  Alfred  E.  Fletcher,.  F.CS.,  PJ.G,  London,  H.M.  Chief 
Inspector  under  the  Alkali,  &c.,  Works  Regulation  Act,  read  a 
paper  on  <*  Noxious  Vapours  and  Town  Smoke,  with  Suggestions 
on  House  Warming."  A  discussion  took  place,  in  which  the 
speakers  were— the  President,  Mr.  D.  M.  Nelson,  Mr.  John 
Brown,  Mr.  Alexander  Sinclair,  Mr.  David  Cowan,  Carron  Iron- 
works;  Mr.  J.  J.  Coleman,  Mr.  Wallace  Fairweather,  Mr.  E.  C. 
C.  Stanford,  Mr.  W.  Foulis,  Mr.  W.  R.  W.  Smith,  Mr.  MThee, 
Procurator-Fiscal ;  and  Mr.  Charles  Wilson.  Mr.  Fletcher  was 
awarded  a  cordial  vote  of  thanka 

4.  The  President  announced  the  election  of  the  following 
gentlemen  as  Members  of  the  Society : — Mr.  D.  Johnstone  Smith, 
C.  A.,  149  West  George  Street ;  Mr.  William  Harvie,  lamp  maker, 
222  Broomielaw;  Mr.  William  Y.  Jackson,  secretary.  Industry 
Defence  Association,  237  Ingram  Street ;  and  Mr.  William  Brown, 
22  Westminster  Terraca 


8th  February,  1888, 


The  Sixth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Natural  Philosophy  Class-Room, 
University  of  Glasgow,  on  the  Evening  of  Wednesday,  8th 
February,  1888,  at  Eight  o'clock — Dr.  J.  B.  Russell,  President, 
in  the  Chair. 

1.  The  Minutes  of  the  Fifth  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  o^  and  signed  by  the  Chairman. 

2.  The  following  new  Members  were  admitted: — Mr.  D. 
Johnstone  Smith,  C.A.,  149  West  George  Street;  Mr.  William 
Harvie,  lamp  maker,  222  Broomielaw;  Mr.  William  Y.  Jackson, 
secretary.  Industry  Defence  Association,  237  Ingram  Street;  Mr, 

William  Brown,  22  Westminster  Terrace. 
Vol.  XIX.  2  c 
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3.  Professor  M'Kendiick  exhibited  and  briefly  described — (a) 
E.  Yon  Fleischl's  Spectro-polarimeter  for  the  Estimation  of  Grape 
Sugar ;  (6)  a  Gas  Pump  for  the  removal  of  Gases  from  the  Blood; 
(g)  a  Centrifugal  Apparatus  for  the  separation  of  the  Red  Blood 
Corpuscles;  (d)  Kronecker's  Electro-mjographion  for  the  study  of 
Muscular  Contraction.  A  cordial  vote  of  thanks  was  awarded  to 
Dr.  M'Kendrick. 

4.  Sir  William  Thomson,  LL.D.,  D.C.L.,  F.RS.,  made  a 
Communication  on  *'  A  New  Composite  Form  of  Electric  Balance 
adapted  to  measure  currents  from  -^  of  an  ampere  to  500 
amperes:  available  also  as  a  Yolt-meter  and  as  a  Wattmeter," 
for  which  he  was  awarded  a  hearty  vote  of  thanks. 

5.  The  President  announced  the  election  of  the  following 
gentlemen  as  Members  of  the  Society: — Mr.  Alexander  M'Ara, 
merchant,  65  Morrison  Street;  Mr.  John  Paterson,  contractor, 
522  PoUokshaws  Road;  Mr.  William  Macintyre,  head  master, 
Bridgeton  Parish  School,  Marion  Bank,  Rutherglen ;  Mr.  Robert 
H.  Robertson,  finisher,  Clyde  Bank,  Rutherglen;  Mr.  John  C. 
Rogers,  Vice-Consul,  Republic  of  Chili,  163  West  George  Street; 
and  Mr.  David  Cowan,  manager  for  Carron  Company,  Mount 
Gerald,  Larbert. 


14th  February,  1888. 


The  Seventh  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Rooms  of  the  Society,  207  Bath  Street, 
on  the  Evening  of  Wednesday,  22nd  February,  1888,  at  Eight 
o'clock — Dr.  J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Sixth  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  beld 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  new  Members  were  admitted : — Mr.  Alexander 
M*Ara,  Mr.  John  Paterson,  Mr.  William  Macintyre,  Mr.  Robert 
H.  Robertson,  Mr.  John  C.  Rogers,  and  Mr.  David  Cowan. 

3.  Mr.  Thomas  Gray,  B.Sc,  F.RS.E.,  exhibited  and  described 
an  Improved  Form  of  Seismograph ;  and  he  subsequently  read  a 
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paper  on  ^<  The  Use  of  Seismometric  Measurement  in  Earthquake 
Investigation."  Some  remarks  were  made  on  the  subject  by  the 
President,  Sir  William  Thomson,  and  Mr.  D.  Sinclair;  and  the 
thanks  of  the  Society  were  awarded  to  Mr.  Gray. 

4.  Mr.  A.  W.  Meikle,  ^'Thomson"  Experimental  Scholar,  read 
a  paper  entitled  *'  On  the  Measurement  of  Electric  Currents  by 
the  Electrolytic  Deposition  of  Copper,"  for  which  he  was  awarded 
the  thanks  of  the  Society. 

5.  Dr.  James  Colville,  M.A.,  submitted  the  following  motion:—^ 
^'That  a  Philological  Section  of  the  Philosophical  Society  be 
formed,  and  that  a  committee,  to  be  afterwards  named,  be 
appointed  to  draft  a  constitution  for  the  Section.''  The  motion 
was  seconded  by  Mr.  D.  G.  Hoey,  and  agreed  to  by  the  Meeting. 
A  committee  was  then  named,  consisting  of  Dr.  Thomas  Muir, 
Rev.  Professor  Robertson,  Mr.  Dyer,  Mr.  Hoey,  and  Dr.  ColviUe. 

6.  The  President  announced  the  election  of  the  following 
gentlemen  as  members  of  the  Society: — Mr.  G.  J.  Miller,  of 
Frankfield,  Shettleston;  Mr.  H.  G.  Finlay,  11  Granby  Terrace, 
Glasgow;  and  Mr.  A.  D.  Provand,  M.P.,  8  Bridge  Street, 
London,  S.W. 


7th  March,  1888. 

The  Eighth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street,  on  the 
Evening  of  Wednesday,  7th  March,  1888,  at  Eight  o'clock — Dr. 
J.  B.  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Seventh  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  new  Members  were  admitted: — Mr.  G.  J. 
Miller,  of  Frankfield,  Shettleston ;  Mr.  H.  G.  Finlay,  1 1  Granby 
Terrace;  and  Mr.  A.  D.  Provand,  M.P.,  8  Bridge  Street, 
London,  S.W. 

3.  Mr.  John  Galloway  read  a  paper  on  "  The  Plate  River 
System,"  being  a  communication  from   the  Geographical   and 
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Etbnological  Section.  On  the  motion  of  Dr.  Thomas  Moiry  Yioe- 
President  of  the  Section,  the  thanks  of  the  Society  were  awarded 
to  Mr.  Galloway. 

4.  Mr.  John  Aitken,  F.RSuE.  (by  special  req[aest  of  the  Council 
of  die  Society),  explained  '^A  Method  of  Conntiog  the  Dnst 
Particles  in  the  Atmosphere,"  and  gave  an  experimental  demon- 
stration, for  which  he  was  awarded  the  thanks  of  the  Society. 

5.  Dr.  James  Colville,  M.A.,  made  a  brief  statement  regarding 
the  proposed  Constitution  of  the  Philological  Section,  and  gave 
notice  that  be  would  move  its  adoption  at  next  Meeting  of  the 
Society. 

6.  The  President  announced  the  election  of  the  following 
gentlemen  as  Members  of  the  Society: — Mr.  Arthur  Coulson, 
electrical  engineer^  140  Douglas  Street;  Mr.  William  Wallace, 
M.A.,  M.B.,  CM,  Westfield  House,  Shawlands;  and  Mr.  James 
Kean,  philosophical  instrument  maker,  96  Thistle  Street, 
Gamethill.  . 


2l8t  March,  1888. 

•  * 

The  Ninth  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Booms,  207  Bath  Street,  on 
the  Evening  of  Wednesday,  21st  March,  1888,  at  Eight  o'clock — 
Dr.  J.  B.  Russell,  President,  in  the  chair. 

1.  The  Minutes  of  the  Eighth  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  notice  calling  tlie  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  new  Members  were  admitted : — Mr.  Arthur 
Coulson,  Mr.  William  Wallace,  MA.,  M.B.,  CM.;  and  Mr. 
James  Kean. 

3.  Mr.  A.  Ernest  Maylard,  B.S.,  M.B.,  by  special  request,  gave 
'^  A  Demonstration  in  Bacteriology,''  illustrative  of  the  Mode  of 
Growth  and  Cultivation  of  Micro-Organisms  found  in  the  Air, 
in  Water,  and  in  the  Earth,  embracing  also  some  of  those  which 
give  rise  to  Disease."  The  thanks  of  the  Meeting  were  awarded 
to  Mr.  Maylard  for  his  paper  and  demonstration,  and  a  discussion 
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took  place,  in  which  the  speakers  were  the  President,  Dr.  Joseph 
Coats,  Professor  Sir  George  Macleod  (present  by  invitation).  Dr. 
Gairdner,  Professor  Bower,  and  Dr.  Duncan. 

4.  Dr.  James  Colville,  M.A.,  moved  the  adoption  of  the 
Constitution  of  the  Philological  Section,  which  had  been  printed 
in  the  Billet.  The  motion  was  seconded  by  Mr.  Dyer>  and  agreed 
to  by  the  Meeting.     The  Constitution  is  as  follows ;— - 

(1)  The  Section  shall  be  called  the  Philological  Section. 

(2)  The  object  of  the  Section  shall  be  to  aid  the  advancement  of  Philology 
by  affording  opportunities  for  the  discussion  of  subjects  related  thereto,  to 
be  introduced  by  the  reading  of  papers  or  by  verbal  communication.  The 
papers  may  also  be  read  before  the  Society,  according  as  the  Council  of  the 
Section  may  see  fit  to  recommend  to  the  Council  of  the  Society. 

(3)  The  Section  shall  consist  of  Members  of  the  Philosophical  Society, 
who  are  to  be  admitted  free  to  its  meetings,  and  of  Associates  who  are  not 
Members  of  the  Philosophical  Society,  but  shall  be  admitted  to  the  Section 
on  payment  of  an  Annual  Subscription  of  Five  Shillings.  Associates  shall 
have  the  privilege  of  attending  not  only  the  Section's  meetings,  but  also 
those  of  the  Society  at  which  the  Section's  papers  are  read  and  discussed^ 
and  also  of  consulting  the  books  in  the  Library. 

(4)  The  management  of  the  Section  shall  devolve  upon  a  Council,  con- 
sisting of  a  President,  two  Vice-Presidents,  a  Secretary  (who-  shall  act  as 
Treasurer),  and  nine  other  Members. 

(5)  The  Secretary  shaU  be  elected  annually.  After  the  first  year  four 
Members  of  Council  shall  retire  annually  in  rotation,  the  order  to  be  deter- 
mined by  ballot  on  the  first  occasion  of  an  election.  Retiring  Members 
shall  be  eligible  for  re-election.    Three  shall  be  a  q^uorum. 

(6)  The  Office-bearers  of  the  Section  shall  be  elected  by  the  Society  at  its 
Annual  Business  Meeting. 

(7)  Vacancies  occurring  during  the  currency  of  a  year  may  be  filled  up, 
ad  interim^  by  the  Council  of  the  Section,  if  they  deem  it  expedient. 

(8)  The  Council  of  the  Section  shall  report  annually  to  the  Society. 

(9)  No  paper  shall  be  retfd  that  has  not  been  approved  by  the  Cduncil  of 
the  Section ;  and  copies  of  the  papers  shall  be  given  into  the  charge  of  the 
Secretary  of  the  Section  at  the  close  of  the  meeting  at  which  they  have 
been  read. 

(10)  Associates  shall  be  elected  by  the  Council  of  the  Section  at  any  of 
its  meetings.  Each  Candidate  shall  be  reconmiended  by  two  Members  or 
Associates.    The  vote  shall  be  by  ballot,  a  majority  deciding. 

(11)  The  Associates*  Annual  Subscription  6haU  become  due  on  the  First 
day  of  November  in  each  year. 

(12)  No  alteration  shall  be  made  upon  the  foregoing  without  the  consent 
of  the  Society  at  two  successive  ordinary  meetings. 
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4th  April,  1888. 

The  Tenth  Ordinary  Meeting  of  the  Philosophical  Society  o£ 
Glasgow  was  held  in  the  Society's  Rooms,  207  Bath  Street^  on  the 
Evening  of  Wednesday,  4th  April,  1888,  at  Eight  o'clock— Br. 
J.  B.  Bussell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Ninth  Ordinary  Meeting  of  the  Society, 
which  were  printed  in  the  Notice  calling  the  Meeting,  were  held 
as  read,  were  approved  of,  and  signed  by  the  Chairman. 

2.  The  following  Candidate  for  election  into  the  Society  was 
announced: — Mr.  Thomas  Leonard  Ellis,  iron  manufacturer. 
North  British  Iron  Works,  Coatbridge.  Recommended  by  Mr. 
Fairweather,  Mr.  John  Mann,  and  Mr.  Mayer. 

3.  Dr.  David  Pride,  Neilston,  read  a  paper  on  "The  Spread 
of  Enteric  Fever  and,  possibly.  Diphtheria  in  Rural  Districts, 
by  the  Use  of  City  Manure  for  Agricultural  Purposes."  A  dis- 
cussion followed,  in  which  the  speakers  were — the  President, 
Dr.  Eben.  Duncan,  Mr.  J.  Chalmers  (Architect),  Dr.  Glaister, 
Mr.  R.  R  Tatlock,  Mr.  Young  (Inspector  of  Cleansing),  Mr. 
W.  R  W.  Smith,  Dr.  Christie,  and  Mr.  Leitch.  Dr.  Pride 
replied,  and  he  received  the  thanks  of  the  Society  for  his  paper. 

4.  In  consideration  of  the  importance  of  the  paper  by  Mr. 
Peter  Fyfe  (announced  in  the  Billet),  and  the  other  business  to 
be  brought  forward,  it  was  agreed,  on  the  motion  of  Dr.  Duncan, 
seconded  by  Mr.  W.  R  W.  Smith,  to  take  it  up  at  a  Special 
Meeting  of  the  Society  to  be  held  on  1 1th  April. 

5.  In  the  absence  of  Dr.  Colville,  the  election  of  the  list  of 
proposed  Office-bearers  of  the  Philological  Section,  which  had  been 
printed  in  the  Billet,  was  agreed  to,  on  the  motion  of  Mr.  Dyer, 
seconded  by  Mr.  Alex.  Scott.     The  list  is  as  follows : — 

President. 
K.  C.  Jebb,  LL.D.,  Professor  of  Qreek,  University  of  Glasgow. 

Vice-PreMdents, 

Rev.  W.  A.  Skeat,  M.A.,  Professor  of  Anglo-Saxon,  University  of 

Cambridge. 

Kev.  Jas.  Robebtson,  D.D.,  Professor  of  Oriental  Languages,  University 

of  Glasgow. 
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CouncU. 


Mr.  Wm.  Thomson,  B,A. 
Mr.  Justus  Widmer. 
Mr.  D.  G.  HoEY,  C.A. 
Mr.  E.  J.  GiBB. 


Dr.  David  Ross. 

Dr.  Jas.  MacDonald. 

Mr.  W.  Bathgate,  M.A.,  H.M.I.S. 

Mr.  Jas.  Morrison. 

Mr.  F.  Amours,  B.A. 

Secretary  and  Treasurer, 
Jas.  Colville,  M.A.,  D.Sc. 

6.  The  following  motion,  of  which  notice  had  been  given,  was 
proposed  by  Dr.  Duncan,  and  seconded  by  Mr.  W.  R.  W.  Smith: — 

"That  the  Society  memorialise  the  Secretary  of  State  for  Scotland 
to  take  steps  for  the  amendment  of  the  Burials  Act,  so  as  to 
place  the  Private  Cemetery  Companies  of  Scotland  under  the 
regulations  Issued  by  the  Home  Secretary  in  1863  for  the  Burial 
Grounds  under  the  Burials  Act ;  and  that  it  be  remitted  to  the 
Council  of  the  Sanitary  and  Social  Economy  Section  to  prepare 
the  Memorial  on  behalf  of  the  Society.''* 

Mr.  Scott  moved  "  the  previous  question  "  as  an  amendment, 
which  was  seconded  by  Mr.  Church.  After  remarks  by  Dr. 
Christie,  the  President,  Sheriff  Spens,  Mr.  D.  G.  Hoey,  Dr.  Glaister, 
and  Dr.  Duncan,  the  amendment  was  withdrawn,  and  the  motion 
was  passetl. 

7.  Dr.  Duncan  then  submitted  the  following  Motion,  notice  of 
which  had  also  been  given  : — 

"That  it  be  remitted  to  the  Council  of  the  Sanitary  and  Social 
Economy  Section  to  consider  what  other  reforms  are  required  on 
our  present  methods  of  disposal  of  the  dead;  and  to  report.*' 

The  Motion  was  seconded  by  Mr.  W.  P.  Buchan,  and  agreed  to. 


nth  April,  1888. 

A  Special  Meeting  of  the  Society  was  held  on  the  Evening  of 
Wednesday,  II th  April,  at  Eight  o'Olock— Dr.  J.  B.  Russell, 
President,  in  the  Chair. 

Mr.  Peter  Fyfe^  Sanitary  Inspector,  Glasgow,  I'ead  a  paper 
on  "Some  Important  Points  in  the  Sanitary  Work  of  a  Great 
City."  It  gave  rise  to  a  long  and  animated  discussion,  in  which 
the  speakers  were — ^The  President,  Sir  James  Bain,  Mr.  Gilbert 

---■'■ 

*  See  Memorial,  page  410. 
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Beith,  Mr.  D.  M.  Nelson,  Mr.  Hogg,  Dr.  Duncan,  Mr.  Honeyman, 
Mr.  Westlands,  Dr.  Glaister,  Dr.  Chnstie,  Mr.  J.  Cleland  Bums, 
Mr.  Chalmers,  and  Mr.  Buchan.  Mr.  Fjfe  replied,  and  he  was 
awarded  a  vote  of  thanks  for  his  paper. 


18th  April,  1888. 


The  Eleventh  Ordinary  Meeting  of  the  Philosophical  Society  of 
Glasgow  was  held  in  the  Society's  Booms,  207 .  Bath  Street,  on 
the  Evening  of  Wednesday,  18th  April,  1888,  at  Eight  o'clock — 
Dr.  J.  R  Russell,  President,  in  the  Chair. 

1.  The  Minutes  of  the  Tenth  Ordinary  Meeting  of  the  Society, 
and  of  a  Special  Meeting  (held  11th  April),  which  were  printed 
in  the  Notice  calling  the  Meeting,  were  Held  as  read,  were 
approved  of,  and  signed  by  the  Chairman. 

2.  The  President  read  a  letter  from  Mr.  Wm.  Alex.  Smith, 
expressing  regret  that  he  was  unable  to  submit  the  paper,  which 
he  had  promised  to  read  to  the  Society,  on  "Decimal  Coinage." 

3.  Dr.  Alexander  Buchan,  Secretary  to  the  Scottish  Meteoro> 
logical  Society,  communicated  a  paper  on  '^  The  Diurnal  Phenomena 
of  Weather  in  their  Relation  to  each  other."  A  vote  of  thanks 
was  awarded  to  Dr.  Buchan. 

4.  The  President  announced  that  Mr.  Thomas  Leonaixl  Ellis 
had  been  elected  a  Member  of  the  Society. 


2nd  May,  1888, 


The  Twelfth  Ordinary  Meeting  of  the  Philosophical  Society 
of  Glasgow — the  last  for  the  Session — wa^held  in  the  Society's 
Rooms,  207  Bath  Street,  on  the  Evening  of  Wednesday,  2nd  May, 
1888,  at  Eight  o'clock-r-Mr.  Henry  Dyer,  Member  of  Council,  in 
the  Chair. 

♦ 

1.  The  Minutes  of  the  Eleventh  Ordinary  Meeting  of  the 
Society,  which  were  printed  in  the  Notice  calling  the  Meeting, 
were  held  as  read,  were  approved  of,  and  signed  by  the  Chairman. 
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2.  The  Secretary  read  a  note  from  the  President  apologising 
and  expressing  regret  for  his  absence,  which  was  due  to  an  injury 
which  he  had  receiyed. 

3.  Professor  Blyth,  M.A.,  F.RS.E.,  read  a  paper  on  "The 
Practical  Application  of  Wind  Power  to  the  Production  and 
(Storage  of  Electricity."  A  discussion  took  place  in  which  the 
speakers  were — The  Chairman,  Mr.  Thomas  Gray,  Mr.  D.  Sinclair, 
and  Mr.  Mechan.  Professor  Blyth  was  awarded  the  thanks  of  the 
Society  for  his  communication. 

4.  Mr.  Thomas  Shields,  M.A.,  Physical  Laboratory,  University 
of  Glasgow,  read  a  paper  on  "  The  Electric  Resistance  of  some 
Rocks."  He  was  thanked  for  his  communication,  and  remarks 
were  made  upon  it  by  Mr.  Gray,  Professor  Blyth,  and  Mr. 
Sinclair. 

5.  Mr.  Thomas  Machdl  read  a  paper  on  "The  Dulcitone;  a 
New  and  Portable  Musical  Instrument,  having  Forks  of  Steel 
for  its  Sound  Producers."  Several  of  his  completed  instruments 
were  shown  by  the  inventor,  who  also  gave  illustrations  of  their 
capabilities.  The  thanks  of  the  Society  were  voted  to  Mr.  Maohell ; 
and  in  the  discussion  which  followed  the  speakers  were  Mr.  Colin 
Brown,  Bev.  Mr.  Brunton,  Professor  Blyth,  Dr.  Muir,  Mr. 
Mechan,  and  Mr.  Alex.  Scott. 

6.  A  letter  from  Mr.  J.  J.  Coleman  was  read  by  the  Secretary, 
in  which  the  writer  spoke  of  the  work  done  in  connection  with 
the  Glasgow,  and  West  of  Scotland  Technical  College,  in  the 
management  of  which  he  had  acted  as  the  representative  of  the 
Society. 

7.  The  Secretary  submitted  the  Report  by  Mr.  W.  G.  Crawford, 
Delegate  to  the  British  Association  held  at  Manchester  last  year, 
and  the  Reports  for  the  past  Session  from  the  Secretaries  6i 
Sections.  These  were  all  held  as  read,  and  ordered  to  be  printed 
in  the  Prbdeedin^Sj  Mr.  Coleman's  letter  included. 
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BURIAL    REFORM.* 


TO  THE  RIGHT  HONOURABLE  THE  MARQUIS  OF  LOTHIAX, 
K.T.,  HER  MAJESTY^  SECRETARY  FOR  SCOTLAND. 


The  Memorial  or  the  Philosophical  Socuett  of  Glasgow. 


The  Philosophica]  Society  of  Glasgow,  now  holding  its  Eighty-fifth 
Session,  consists  of  700  membera,  representing  the  professions^  the 
arts,  manufactures,  and  trade  and  commerce  of  the  Citr  of  Glasgow. 
The  Philosophical  Society  has  a  Section  for  the  special  consideration 
of  matters  relating  to  Sanitary  and  Social  Economy,  many  of  the 
members  of  which  have  had  large  experience  in  practical  hygiene. 

That  the  Society,  both  in  the  Conncil  of  its  Sanitary  and  Social 
Economy  Section,  and  also  in  general  meetings,  has  had  under 
consideration  the  present  methods  of  burial  of  the  dead,  and 
particularly  of  the  bodies  of  the  poorer  classes  in  the  Burial 
Grounds  and  Private  Cemeteries  of  Scotland. 

That  the  Society  is  unanimously  of  the  opinion  that  the  inter- 
ment of  the  dead  as  at  present  conducted  by  many  of  the  private 
cemetery  companies,  on  the  system  of  pit  burial,  is  likely  to  lead 
to  grave  sanitary  dangers,  and  is  offensive  to  public  decency. 

That  in  the  burial  grounds  of  Glasgow  and  its  suburbs  several 
thousands  of  bodies  of  paupers  and  others  of  the  poorer  classes  are 
annually  interred  in  pits  and  common  graves. 

That  many,  of  these  pits  and  common  graves  are  left  open  until 
they  are  filled  up  with  coffins  to  within  three  feet  of  the  sur&ice  of 
the  ground. 

That  during  this  time  the  coffins  in  tiiese  pits  and  common 
graves  are  either  exposed,  or  are  covered  with  a  mere  sprinkling 
of  sand  or  earth. 

That  these  pits  and  common  graves  vary  in  size,  the  smallest  of 
which  this  Society  is  cognisant  containing  five  coffins,  the  largest 
sixty  coffins. 


*  See  Minutes  of  Sesaion,  page  407. 
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That  considerable  areas  of  ground  in  the  neighbourhood  of 
'  Glasgow  are  being  occupied  with  masses  of  decomposing  bodies 
deposited  in  this  dangerous  manner. 

That  the  cemeteries  which  adopt  this  system  are  already  in 
close  proximity  to  dwelling-houses,  which  are  increasing  so  rapidly 
in  numbers  in  the  respective  localities  that  these  cemeteries  will 
soon  be  surrounded  by  them. 

That  the  interments  in  the  burial  grounds  in  other  districts  of 
Scotland  have  been  found  to  be  conducted  in  a  manner  dangerous 
to  health,  and  offensive  to  public  decency. 

That  the  chief  causes  of  the  growth  of  the  objectionable  and 
dangerous  methods  of  interment  above  referred  to  are  (1)  that, 
uAder  clause  12  of  the  Burial  Grounds  (Scotland)  Act,  1855  (18 
and  19  Vic.,  c.  67) — [See  Appendix  A,'\ — public  authorities,  in  lieu 
of  providing  ground  for  the  proper  interment  of  the  people,  have 
contracted  with  private  cemetery  companies  to  bury  for  them  the 
bodies  of  persons  who  would  have  a  right  to  interment  in  burial 
grounds  to  be  provided  under  the  Act;  and  (2)  that  the  cemetery 
companies  of  Scotland  have  assumed  that  they  are  not  subject  to 
any  control  under  the  burials  act 

The  Society  is  aware  that  under  tiie  powers  given  by  clause 
21  of  the  Burial  Grounds  (Scotland)  Act,  1855 — [See  Ap|3endix 
B,'\ — the  Secretary  of  State  may  make  regulations  as  to  burial 
grounds  *'  for  the  protection  of  public  health  and  decency,"  but  the 
Society  is  not  aware  that  any  such  regulations  have  been  issued 
under  that  Act. 

The  Society  is,  however,  aware  that  regulations  for  the  protec- 
tion of  public  health  and  decency  were  issued  in  1863,  for  burial 
grounds  in  England.  But  it  doe^i  not  clearly  api)ear  whether  even 
these  regulations  apply  to  the  burial  grounds  of  private  cemeteiy 
companies.  Moreover,  as  regards  Scotland  it  seems  doubtful 
whether  under  the  Scotch  Burials  Act  any  valid  regulations  could 
be  issued  by  the  Secretary  of  State  with  reference  to  private  ceme- 
tery companies. 

That  the  English  regulations  referred  to — [See  Appendix  (7.] — 
are,  in  the  opinion  of  the  Society,  reasonable  and  proper  regula- 
tions. 

That  similar  regulations  are  absolutely  necessary  in  the  case  of 
private  cemetery  companies  is  shown  by  the  facts  already  stated. 

That,  as  pit  burial  is  cheaper  than  burial  under  the  conditions 
held  to  be  necessary  by  the  Secretary  of  State  "  for  the  protection 
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of  public  health  and  the  maintenance  of  public  decency/'  and  as  it 

is  also  more  profitable  to  the  cemetery  companies,  it  will  continue 

to  be  adopted  in  Scotland  unless  measures  be  taken  to  put  an.  end 

to  it. 

The  Philosophical  Society  would,  therefore,  respectfully  submit 

the  above   statement  for  the   consideration  of  Her  Majesty's 

Government,  in  the  hope  that  effectual  means  may  be  devised  to 

put  an  end  to  the  dangerous  and  offensive  system  of  burial  herein 

described. 

JAS.  B.  RUSSELL,  M.D.,  LL.D., 

President  of  the  Society. 
JOHN  MAYER, 

Secretary. 

EBEN.  DUNCAN,  M.D., 

President  of  the  Sanitary  and  Social 
Economy  Section. 

Glasgow,  16th  July,  1888. 


APPENDIX- 

Burial  Grounds  (Scotland)  Act,  1855. 

[A.^  XII. — For  the  providing  such  burial  ground,  it  shall  be  lawful  for  the 
Parochial  Board  of  the  parish  to  contract  for  and  purchase  or  take  any  lands 
and  buildings  thereon  for  the  purpose  of  forming  a  burial  ground,  or  for 
making  additions  to  any  burial  ground  to  be  formed  or  purchased  under 
this  Act,  as  such  boiLrd  may  think  fit,  or  to  purchase  from  any  company 
or  persons  entitled  thereto  any  cemetery  or  cemeteries,  or  part  or  parts 
thereof,  subject  to  the  rights  in  vaults  and  graves  and  other  subsisting 
rights  which  may  have  been  previously  granted  therein ;  provided  always 
that  it  shall  be  lawful  for  such  board,  in  lieu  of  providing  any  such  burial 
ground,  to  contract  with  any  such  company  or  persons  entitled  as  aforesaid 
for  the  intefmeut  in  such  cemetery  or  cemeteries,  and  either  in  any  allotted 
part  of  such  cemetery  or  cemeteries  or  otherwise,  and  upon  such  terms  as 
the  Parochial  Board  may  think  fit,  of  the  bodies  of  persons  who  would  have 
had  rights  of  interment  in  the  burial  grounds  of  such  parish. 

[BJ\  XXI.  — It  shall  be  lawful  for  one  of  Her  Majesty's  principal  Secretaries 
•of  State,  from  time  to  time,  to  make  such  regulationsin  relation  to  the  burial 
grounds  and  places  of  reception  of  bodies  previous  to  interment  which  may 
be  provided  under  this  Act  as  to  him  may  seem  proper  for  the  protection 
of  the  public  health  and  the  maintenance  of  public  decency;  and  the 
parochial  boards  and  all  other  persons  having  the  care  of  such  burial  grounds 
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and  places  for  the  reception  of  bodies  shall  conform  to  and  obey  such 
regulations. 

[C]  REGULATIONS  FOR  BURIAL  GROUNDS  PROVIDED  UNDER 

THE  BURIALS  ACTS. 


Issued  by  the  Secretary  of  State  for  the  Houe  Department, 

January,  1863. 

Supplement  to  the  Tenth  Annual  Report  of  the  Local  Oovernment  Boards 

page  151. 

1.  The  burial  ground  shall  be  effectually  fenced,  and,  if  necessaiy,  under- 
drained  to  such  a  depth  as  will  prevent  water  remaining  in  any  grave  or 
vault. 

2.  The  area  to  be  used  for  graves  shall  be  divided  into  grave  spaces,  to 
be  designated  by  convenient  marks,  so  thai  the  position  of  each  may  be 
readily  determined,  and  a  corresponding  plan  kept  on  which  each  grave 
space  shall  be  shown. 

3.  The  grave  spaces  for  the  burial  of  persons  above  12  years  of  age  shall 
be  at  least  9  feet  by  4  feet,  and  those  for  the  burial  of  children  under  12 
years  of  age,  6  feet  by  3  feet,  or,  if  preferred,  half  the  measurement  of  the 
adult  grave  space,  namely,  4^  feet  by  4  feet. 

4.  A  register  of  graves  shall  be  kept,  in  which  the  name,  age,  and  date 
of  burial  in  each  shall  be  duly  registered. 

5.  No  body  shall  be  buried  in  any  vault  or  walled  grave  unless  the  coffin 
be  separately  entombed  in  an  air-tight  manner;  that  is,  by  properly- 
cemented  stone  or  brickwork,  which  shall  never  be  disturbed. 

6.  One  body  only  shall  be  buried  in  a  grave  at  one  time,  unless  the 
bodies  be  those  of  .members  of  the  same  family. 

7.  No  unwalled  grave  shall  be  reopened  within  14  years  after  the  burial 
of  a  person  above  12  years  of  age,  or  within  8  years  after  the  burial  of  a 
child  under  12  years  of  age,  unless  to  bury  another  member  of  the  same 
family,  in  which  case  a  layer  of  earth  not  less  than  1  foot  thick  shall  be 
left  undisturbed  above  the  previously-buried  coffin;  but  if,  on  reopening 
any  grave,  the  soil  be  found  to  be  offensive,  such  soil  shall  not  be  disturbed, 
and  in  no  case  shall  human  remains  be  removed  from  the  grave. 

8.  No  coffin  shall  be  buried  in,  any  unwalled  grave  within  4  feet  of  the 
ordinary  level  of  the  ground,  unless  it  contains  the  body  of  a  child  under 
12  years  of  age,  when  it  shall  not  be  less  than  3  feet  below  that  leveL  . 
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COMMITTEES  APPOINTED  BY  THE  COUNCIL 


COMMITTEE    ON  FINANCE. 

ft 

,  Dr.  J.  B.  RussKLL,  President, 

Mr.  James  L.  Mitchell.        .  I       Mr.  Henry  Dyer. 
Mr.  John  Farqvhar.  |       Mr.  Adam  KNdx. 

Mr.  John  Mann,  Treasurer^  Convener. 

Mr.  J.  J,  Coleman,   F.-i*.,  Sub-Convener, 


COMMITTEE  ON  PAPERS. 

Dr;  J.  B.  RussEi.L,  President. 

Dr.  James  Morton,    \ 

Mr.  J.  J.  Coleman.      {    Vice  Presidents. 

Mr.  J.  T.  Bottomley.  I       Mr.  Wallace  FairwbAther. 

Mr.  James  Thomson.  |       Dr.  Glaister. 

Professor  M'Kendrick,  F.-P.,  Convener, 


COMMITTEE  ON  THE  LIBRARY. 

Dr.  J.  B.  Russell,  President. 

Dr.  James  Morton,       \ 

Mr.  J.  J.  Coleman,        >  Vice-Presidents. 

Dr.  M'Kendrick,  1 


Dr.  Eben.  Duncan. 
Dr.  Thomas  Muik. 
Mr.  Fairweather. 
Mr.  James  L.  Mitchell. 


Mr.  Milne. 
Dr.  Muirhead. 
Mr.  James  Thomson. 
Mr.  Henry  Dyer. 


Mr.  John  Robertson,  Librarian^  Convener. 


HOUSE    COMMITTEE. 

Consisting  of  Members  of  the  Philosophical  Society  and  of  the  Institution 

of  Engineers  and  Shipbuilders. 

Institution  of  Engineers  f\nd  Philosophical  Society. 

Shipbuilders,  ' 

Dr.  a.  C.  Kirk.  '       Mr.  Archibald  Robertson. 

Mr.  Wm.  Foulis.  Mr.  John  Mann. 

Mr.  John  Ward.  .       Mr.  John  Mayer. 
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OFFICE-BEARERS  OF  SECTIONS. 


ARCHITECTURAL  SECTION. 
Mr.  James  Thomson,  Architect,  F.R^LB.A.,  President, 

Mr.  T.  L.  Watson,  Architect,      |  vUe-PrendeiUs. 
Mr.  Alexander  Muir,  Builder,  v 

Mr.  James  Howatt,  Measurer,  Treasurer, 

Mr.  A.  Lindsay  Miller,  Architect,  121  West  Regent  Street,  Secreiary, 

Members  of  Council, 


Mr.  James  Sellars,  Architect. 
Mr.  David  Thomson,, Architect. 
Mr.  William  Landless,  Architect. 
Mr.  Thomas  Gildard,  Architect. 
Mr.  James  Chalmers,  Architect. 
Mr.  R.  A.  M'GiLVRAY,  Plasterer. 


Mr.  WiLLL&M  GiLFiLLAN,  Marblc- 

cutter. 
Mr.  John  Dansken,  Measurer. 
Mr.  William  Howatt,  Measurer. 
Mr.  WiLUAM  Cairns,  Plumber. 


CHEMICAL  SECTION. 

President, 
Professor  DiTTMAR,  LL.D.,  F.R.S. 

Permanent  Vice-Presidents, 


Professor    Ferguson,    M.A., 

LL.D.,  F.LC,  F.C.S. 
Mr.  E.  C.  C.  Stanford,  F.CS. 
Mr.    R,  R.  Tatlock,  F.R»S.E., 


William      Wallace,      Ph.D., 

F. R.S.E.j  F. I.e.,  F.CS. 
Mr.  J.  J.  Coleman,  F.R.S.  E.  ,  F.LC. , 


Elected  Vice-Presidents, 

Mr.  Alexander  Whitelaw. 

Mr.  G.  G.  Henderson,  M.A.,  B.Sc. 

Mr.  W.  J.  Chrystal,  F.C.S. 


Mr.  R.  T.  Thomson. 
Mr.  John  Mayer. 
Mr.  Archd.  Kling. 


Committee, 

Mr.  A.  M'Intyre. 
Mr.  Alexander  Galt. 


Hon,  Treasurer, 
Dr.  Wallace,  City  Analysts'  Laboratory,  138  Bath  Street. 

Hon,  Secretary, 
Mr.  John  Tatlock,  xoo  Sauchiehali  Street. 
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BIOLOGICAL  SECTION. 
Professor  John  Cleland,  M.D.,  LL.D.,  D.Sc,  F.R.S.,  President. 
Henry  E.  Clark,  M.R.C.S., 


.  M.D..  F.R.C.S..     {   ^^■P^'^t'- 


John  Barlow 


J.  Yule  Mackay,  M.D.,  Secretary  aiid  Treasurer^ 
University  of  Glasgow. 

Members  of  Council. 


Charles  Cameron,  M.D., 

LL.D.,  M.P. 
James  Christie,  A.M.,  M.D. 
Mr.  W.  Milne,  M.A.,  F.R.S.E. 
Principal  M*Call,  F.R.C.V.S. 
David  Newman,  M.D. 


J.  M'Gregor  Robertson, 

M.A.,  M.B. 
James  Stirton,  M.D.,  F.L.S. 
Mr.  James  Thomson,  F.G.S. 
Rev.  a.  S.  Wilson,  M.A., 

B.Sc. 


SANITARY  AND  SOCIAL  ECONOMY  SECTION. 
Dr.  Eben.  Duncan,  President. 


Dr.  Christie,  \ 
Dr.  Glaister,  j 


Vice-Presidents, 


Mr.  W.  R.  M.  Church,  C.A.,  Secretary y 
75  St.  George's  Place. 


Mr.  a.  Frew,  CE. 
Dr.  Neil  Carmichael. 
Mr.  W.  R.  W.  Smith. 
Mr.  John  Young. 
Mr.  James  Chalmers. 
Mr.  Peter  Fyfe. 


Members  of  Council, 

Mr.  Walter  Arrol. 
Mr.  Alexander  Scott. 
Mr.  John  Honeyman. 
Mr.  W.  p.  Buchan. 
Mr.  J.  Cleland  Burns. 
Mr.  H.  K.  Bromhead. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SECTION 
W.  G.  Blackie,  Ph.D.,  LL.D.,  F.R.G.S.,  President, 


EL  CONNAL,  \ 

lir,  M.A.,  LL.D.,  F.R.S.E.,    \   Vice- 
Stevenson,  F.R.G.S.,  j 


Presidents, 


Sir  Michael  Connal, 
Thomas  Mui 
Mr.  James 

Geo.  A.  Turner,  M.D.,  CM.,  i  Clifton  Place,  Sauchiehall  Street, 

Secretary  and  Treasurer, 
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Mr.  William  Smakt.  M.A.,  ^ 

Mr.  WALTia  W.  Flaccte.  B.5c^  Sarttoy 
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Mr.  GaoaGE  Haitdastde  Dick.  Mr.  James  Mcia,  CJL 
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ADDITIONS  TO  THE  LIBRARY. 


DowjAwm  in  addition  to  the  Works  received  in  Exchange  froni  the 

Societies^  d:c,,  named  on  pp,  4^9-4^2, 


DONATIONS.  Prisbntid  bt 

List  of  Recorded  Earthquakes  in  -  Galifomib, 
Lower  California,  Oregon,  and  Washington 
Territory.    By  E.  S.  Holden,  1887,         .        .    University  of  California. 

Manitoba  and  the  Great  North- West.  By  J. 
Macoun.     8vo.     1883, W.  C.  Crawford. 

Transactions  of  the  Society  for  Psychical  Re- 
search.   8vo.     1882-87,  ....  „ 

Manual  of  the  Geology  of  India.   Part  4 ;  Miner-    Geological  Survey  of 
alogy,       ...«•«..  India. 

Astronomical  Observations  made  during  1883  at 

the  U.S.  Naval  Observatory.     1887,        -        -    The  Observatory. 
The  Geological  History  of  Plants.     By  Sir  J.  W. 

Dawson.    8vo.     1888,     .....    The  Author. 
Report  of  the  British  Association.     1887,  .        .    The  Association. 
Nitrogenous  Manure.     By  Paul  Wagner.    8vo. 

Pamphlet.     London,  1888,       .        .        .        .    G.  G.  Henderson. 
Life  in  One  Room,  or  some  Serious  Considerations 

for  the  Citizens  of  Glasgow.    By  Dr.  RusselL 

8vo.    Pamphlet.     1888, The  Author. 

The  Literati  of  China,  and  how  to  meet  them. 

By  Rev.  A.  Williamson.  8vo.  Pamphlet.  1888,    The  Author. 
The  Report  of  the  MitcheU.  Library.     1887,  Library  Committee. 

Abridgement  of  Specifications  of  Patents  : — 

Sewing  and  Embroidering.  Parts  2-3.  1867-83,  Commiasioners  of  Patents. 

Metals  and  Alloys  (except  Iron  and  Steel). 
Part  2.     1867-76 

Acids,  Alkalies,  Oxides,  and  Salts.     Part  2, 
Div.  I.     1867-76, 

Brewing,  Wine-making,  and  Distilling.     Part 

o.      loo7-9v,  ...... 

The   Constitution    and  Course  of   the   Money 

Market.      By  Charles  Gairdner.     Pamphlet. 

1888, The  Author. 

Catalogue  of  the  Books  in  Stirling's  and  the 

Glasgow  Library.    8vo.    Glasgow,  1888,        ,    The  Trustees. 
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DONATIONS.  Pkkbehtsd  bt 

Reports  on    Agriculture,    Industries,   Climate, 

Productions,    Immigration,    &c.,  relating   to 

Canada,  from  1881  to  1885.    2  vols,  and  20 

pamphlets The  Ontario  Commissioners. 

Greenwich  Observations,  1885.    8vo.    London, .    The  Astronomer-Royal. 
Astronomical  Results,  1885.    London, 
Magnetical  and  Meteorological  Results,  1885. 

London,   

Spectroscopic  Results,  1885.    London, 

Airy's  Numerical  Lunar  Theory,  1885.     London, 

China  in  America.     By  S.   Culin.    Pamphlet. 

8vo.    Philadelphia,  1887,        ....    The  Author. 
Patents  and  Patentees,  Australia.  VoL  16.   8vo. 

Melbourne,  1887, The  Registrar-Oeneral. 

The  Architects'  Register  and  Building  Materials 

Directory.    8vo.    London,  1887,     .        .       .    W.  Pope. 
The  Official  Gazetter  of  the  United  States  Patent 

Office.    11  vols.    1883-85.    8vo.    Washington,    Wallace  Fairweather. 
Notes  on  Fossil  Woods  and  other  Plant  Remains 

from  the  Cretaceous  Formations  of  Western 

Canada.     Pamphlet*    4to.    1887,  .        .        .    Sir  J.  W.  Dawson. 
Geology  of  the   Vegetable    Creak   Tin-mining 

Field,    New   EngUmd   District,   New  South    New  South  Wales 

Wales.    4to.     1887, Government. 

Annual  Report  of  the  Department  of  Mines,  New 

South  Wales,  1886.    Folio.    Sydney,  1887,     .  „ 


BOOKS    BO  UGHT. 

Politisches  Oekonomie.    Gnstav  Schonberg.  3  vols.    8vo.    Leipzig,  1885-6. 

Fortschrifte  der  Mathematik.    Ohrtmann.     Vols.  16,  17. 

The  Far  Interior.     By  Walter  M.  Kerr.    2  vols.    8vo.    London,  1888. 

Oeuvres  de  Laplace.     Vol.  7.    4to.    Paris,  1886. 

Oeuvres  d'Augustin  Cauchy.    VoL  6.    4to.    Paris,  1887. 

Encyclopaedia  Britannica.     Vol.  XXII.    4to.    Edinburgh,  1887. 

Dictionary  of  National  Biography.    Vols.  10, 11, 12, 13, 14.    8vo.    London, 

1887. 
Science  of  Thought.    By  Max  Muller.    8vo.    London,  1887. 
Weather.    A  Popular  Exposition  of  Weather  Changes  from  day  to  day.    By 

Ralph  Abercromby.    8vo.    London,  1887. 
The  Best  Books.    A  Classified  Dictionary.    4to.    London,  1887. 
Ogham  Inscriptions  in  Ireland,   Wales,  and  Scotland.     By  Sir  Samuel 

Fergusson.    8vo.    Edinburgh,  1887. 
The  Growth  and  Vicissitudes  of  Commerce  in  all  Ages.    By  John  Yeats. 

8vo.    London,  1887. 
The  Technical  History  of  Commerce.    By  John  Yeats.   8vo.  London,  1887. 
Recent  and  Existing  Commerce.     By  John  Yeats.    8vo.    London,  1887. 
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Natural  History  of  Commerce.    By  John  Yeats.    8to.     London,  1887. 
A  Manual  of  Chemistry.    By  Henry  Watts.    VoL  1.     1883. 
Traits  de  Physique  Industrielle.     By  L.  Ser.    8vo.    Paris.     1888. 
Animal  Magnetism.    By  Alfred  Bines  and  Charles  F^r^.   8vow    London,  1887. 
Technical  School  and  College  Buildings.    By  E#  C.  Robins.    4to.    London, 

1887. 
The  Origin  of  Mountain  Ranges.    By  T.  M.  Beade.    8vo.    London,  1886. 
The  Solomon  Islands  and  their  Natives  and  Geology.    By  H.  P.  Gnppy. 

2  vols.    8vo.    London^  1887.  .... 

Litroduction  to  a  History  of  the  Factory  System.     By  R.  W.  C.  Taylor. 

8vo.     London,  1886. 
Social  Solutions.     By  M.  Godin.    8vo.     New  York.  n.d. 
M3rth,  Ritual,  and  ReligioUi   By  Andrew  Lang.   2vo]s4   8yo.   London,  1887. 
Scientific  Romance.     By  C.  H.  Hinton.     8vo.     1887* 
Text-Book  of  Botany.     By  E.  BrantL     8vo.     London,  1886. 
The  Health  of  Nations.    By  Edwin  Chadwick.    2  vols.    8vo.    London,  1887. 
Austral  Africa — Losing  it  or  Ruling  it.    By  John  Mackenzie.    2  vols.   8yo. 

London,  1887. 
Life  and  Letters  of  Charles  Darwin.    3  vols.     8vo.     London,  1887. 
Public  Health  Reports.     By  John  Simon.    2  vols.    8vo.     London,  1887. 
Synopsis  of  Mathematics.    By  Carr.    Vol.  L,  Part  2.    8vo.     London,  1887. 
International  Law.    By  Leone  Levi.    8vo.    London,  1887. 
La  Nature,  1887.     8vo.    Paris. 
A  Treatise  on  Chemistry.     Vol.   3.     Organic  Chemistry,   Part  4.     By 

Koscoe  and  Schorlemmer.    8vo.     London,  1888. 
Mobus'  Werke.     Vol.  4.     Leipzig,  1887. 
Palaeontographical  Society — 

Fossil  Sponges,  Part  2.     By  Dr.  G.  J.  Hinde. 

Paleozoic  Phylloda,  Part  1.      By  Professor  T.  R.  Jones  and  Dr.  H. 
Woodward. 

Jurassic  Gasteropoda,  Part  1,  No.  2.     By  Dr.  W.  H.  Hudleston. 

Inferior  Oolite  Ammonites,  Part  2.    By  S.  S.  Buckman. 
Hazell's  Annual  Cyclopaedia.     8vo.    London,  1888. 
The  Statesman's  Year  Book,  1888.    8vo.    London. 

Gazetteer  of  the  British  Isles.    By  Bartholomew.     8vo.    Edinburgh,  1887. 
Modem  Theories  of  Chemistry.    By  Dr.  L.  Meyer.    8vo.    London,  1888. 
Emin  PashA  in  Central  Africa.    8vo.    London,  1888. 
The  Principles  of  Political  Economy.   By  H.  Sidgwick.   8vo.    London,  1887. 
Practical  Biology.     By  T.  H.  Huxley.     8vo.     London,  1888. 
An  Inquiry  into  Socialism.    By  Thos.  Kirkup.    8vo.  .  London,  1887. 
Volumetric  Analysis.     By  F.  Sutton.    8vo.     London,  1886. 
Mathematical  Theory  of  the  Motion  of  Fluids.     By  H.  Lamb.    8va    Cam- 
bridge.    1879. 
Elementary  Practical  Physics.    By  B.  Stewart  and  H.  Gee.    8vo.    London, 

1887. 
The  Study  of  Rocks.     By  F.  Rutley.    8vo.    London,  1884. 
Geology.     By  Prestwich.     Vol.  2.     8vo.     London. 

Univenal  Geography:— European  Section.    By  £.  Reclus.    5  vols.     8vo. 
Through  (the  Yang-tse  Gorges.    By  A.  J.  Little.    8vo.    London,  1888. 
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CapitaL    A  Critical  Analysis  of  Capitalist  Productioii.    By  Karl  Marx.    2 

voU.    8vo.     London,  1887. 
Six  Centuries  of  Work  and  Wages.     By  J.  .  E.  Thorold  Rogers.     8vo. 

London,  1886 

China— Its  Social,  Political,  and  Religious  Life.    By  6.  E.  Simons.    8vo. 

London,  1887. 
Digging  and  Squatting.    By  D.  D.  Daly.  .... 

Flower  Structure.     By  Henslow.     8vo.     London,  1888. 


Ths  Philosophical  Society  Exchanges  with  the 


FOLLOWING  Societies,  <fec. : — 

Aberdeen  Philosophical  Society,. 
Academia  Heal  Das  Sciencias  dei  Lisboa,    . 
Academy  of  Natural  Sciences  of  .Philadelphia,   . 

Academy  of  Science, 

Academy  of  Science 

American  Academy  of  Arts  and  Sciences,  . 

American  Geographical  Society, 

American  Pharmaceutical  Society, 

American  Philosophical  Society, 

Anthropological  Institute,  .... 

Astor  Library,  New  York,         .... 

Library  of  Royal  Observatory,  .... 

Bath  Natural  History  and  Antiquarian  Field  Club, 

Belfast  Natural  History  and  Philosophical  Society, 

Berwicksl^ire  Naturalists'  Club, 

Biblical  Archaeology, .... 

Birkenhead  Literary  and  Scientific  Society, 

Birmingham  Philosophical  Society,    . 

Boston  Natural  History  Society, 

Boston  Public  Library,       , 
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Midland  Naturalist. 
Monatsbericht  der  Koniglich  Preus- 

sischen    Akademie    der   Wissen- 

schaften  zu  Berlin. 
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Kelrinside. 
Lothian,     J.     Alexander,     M.D., 
L.R.C.S.E.,  6  Newton  terrace. 
345  Low,  James,  176  St  Vincent  st. 

M 'Andrew,  John,  17  Park  Ciicns 

place. 
M'Ara,  Alex.,  65  Morrison  street. 
M*Callnm,    James   Thyne,   83  St. 

Vincent  street. 
Macarthnr,    J.    G.,   Qntha  Bank, 

Kilmalcolm. 
350  Maccall,  Samnel,  16  HiUsboronj^ 

sqnare,  Hillhead. 
*M  'Glelland,  Andrew  Simpson,  C.  A. , 

4  Crown  gardens,  Dowanhill. 
M'Conville,  John,  M.D.,  27  Newton 

place. 
M*Crae,  John,  7  Kirklee  gardens, 

MaryhUl. 
M'Oreath,   James,    M.E.,  208  St. 

Vincent  street. 
355  Macdonald,  Arch.  G.,  8  Park  circus. 
Macdonaid,  Thomas,  109  Bath  st. 
M'Farlane,  Graham  Jas.,  Elderslie. 
Macfarlane,  Samuel,  Meadowbank, 

Torrance  of  Campsie. 
M'Farlane,     Walter,     Printworks, 

Thomliebank. 
360  Macfarlane,  Walter,    12  Lynedoch 

crescent. 
M*Farlane,    Wm.,    Edina    Lodge, 

Rutherglen. 
M*Gillivray,   James  P.,  209  West 

Campbell  street 
^M^Gilvray,  R.  A.,  129  West  Regent 

street 
McGregor,    Duncan,   F.R.G.S.,   37 

Clyde  place. 
365  M'Gregor,    James,    i    East   India 

avenne,  London,  E.C. 
M*Grigor,    Alexander    B.,    LL.D., 

172  §t  Vincent  street 
*M*llwraith,  James,  4  Westbonme 

terrace,  Kelvinatde. 
Macindoe,  William  L.,M.  A. ,LL.B., 

32  Westbonme  gardens. 
M^ln^yre^     Wm.,     Marion     Bank, 

RuUiervlen. 
;^^  Mlvor.   k    W.   Emerson,  F.LC, 

Fa\:s,  67  Great  Clyde  street 
Mackay.  John  Yule,  M.D.,  34  Elm- 

K*nkcr«ecMit 
Mackay*  John,  jnn.,  354  Sanchie- 

hjul  »u«et 
*M  Keniie.    W.    D..   43   Howard 
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*M'Keiud6,  W.  J.,  197  Dumbarton 
road.  1879 

37S*M*Kendrick,  John  G.,  M.D., 
CM.y  LiL.iJ.)  F.XV.S.)  F.R.S.fj.) 
F.R.C.P.E.,  Professor  of  Insti- 
tntea  of  Medicine  in  the  Uni- 
versity of  Glasgow,  45  West- 
bourne  gardens,  Vice-President.     1877 

Mackinlay,  David,  6  Great  Western 
terrace,  Billhead.  1855 

Mackinlay,  James  Murray,  4  West- 
bourne  gardens.  1886 

MackinW,  Wm.,  4  Bothwell  ter- 
race, Uillhead.  1887 

M'Kissack,   John,  234  W.  George 
street.  1881 

380  M'Lachlan,  D.,  15  Hill  street,  Gar- 

nethlll.  1885 

Madae,  A.  Crum,  147  St.  Vincent 
street.  1884 

MacLean,  Walter,  2  Bothwell  cir.    1887 

McLaren,  Robert,  Canal  street,  Port- 

Eglinton.  1848 

•Maclay,  David  T.,  169  W.  George 
street.  1879 

385  Maclean,     A.    fi.,    8     Hughenden 

terrace,  Kelvinside.  1870 

Maclean,  Magnus,  M.A.,  21  Hay- 
bum  crescent,  Partickhill,  1885 

MacLehose,  James  J.,  M.A.,  61  St. 
Vincent  street.  1882 

M^Lellan,  Walter,  129  Trongate.      1856 

M'Lennan,  James,  40  St.  Andrew's 
street.  1888 

390  M*Nab,  John,  69  St.  Vincent  street.  1881 

M'Naughton,  Duncan,  Bearsden.      1883 

Macouat,  B.  R.,  37  Elliot  street       1885 

Macphail,  Donald,  M.D.,  Garturk 
cottage,  Whifflet,  Coatbridee.       1877 

M'Pherson,   George  L.,   26  Albert 
road,  Crossbill.  1872 

395  M'VaU,  D.  C,  M.B.,  3  St.  James' 

terrace,  Hillhead.  1873 

Machell,  Thomas,  39  Great  Western 
road.  1886 

Main,  Robert  B.,  Milverton,  Dalziel 
Drive,  Pollokshields.  1885 

Mann,  John,  C.A.,  188  St.  Vincent 
street,  Treasurer .  1856 

Mann,  John,  jun.,  M.A.,  C.A.,  188 
St.  Vincent  street.  1885 

400  Manwell,  James,  The  Hut,  4  Albert 

road,  Pollokshields.  1876 

Marwick,  Sir  J.  D.,  LL.D. ,  F.R,  S.E., 
Killermont  House,  Maryhill.         1878 

Marks,     Samuel,    Jeanette    villa, 
TollciOBS.  1884 

*Mason,  Stephen,  M.P.,  24  Belhaven 
terrace.  1870 

Mathieson,    Thomas   A.,   13    East 
Campbell  street.  1869 

405  Mavor,  Henry  A.,  140  Douglas  st.   1887 


Mavor,  James,  134  St.  Vincent 
street.  1885 

Mayer,  John,  1 1  Balmoral  crescent, 
(>os8hill.  Secretary.  i860 

Mechan,  Arthur,  60  EUliot  street.     1876 

Mechan,  Henry,  60  Elliot  street.      1879 
410  Menzies,  Thos.,  Hutchesons'  Gram- 
mar School,  Crown  street.  1859 

Menzies,  Thos.  J.,  M.A.,  B.Sc., 
F.C.S.,  Stranraer  Academy, 
Stranraer.  1887 

Michaelson,  M.,  5  Woodside  place.  1878 

Middleton,  Robert  T.,  179  West 
George  street.  i860 

Millar,  Jamee,  158  Parliamentary 
road.  1870 

415  Miller,  A.  Lindsay,  121  W.  Regent 

street.  1878 

^Miller,  Arch.  Russell,  The  Cairns, 
Cambuslang.  1884 

Miller,  David  S.,  i  Royal  ter.,  W.  1887 
•Miller,  George,  Winton  drive,  Kel- 
vinside. 1 88 1 

Miller,  George,  M.D.,  i  Ibrox  ter.. 
Paisley  road.  1885 

420  Miller,  G.  J.,  Frankfield,  Shettle- 

ston.  1888 

Miller,  John  (Messrs.  James  Black 
&  Co.),  23  Royal  Exchange  sq.      1874 

Miller,  Richard,  54  St.  Enoch 
square.  1885 

Miller,  Thomas,  138  Wellington  st  1882 
•Miller,  Thos.  P.,  Cambuslang  Dye- 
works.  1864 
425  Miller,  W.  M.,  7  Mansfield  place, 

West  Regent  street.  1867 

Mills,  Edmund  J.,  D.Sc,  F.R.S., 
Anderson's  College.  1875 

Milne,     WUliam,     M.A.,     KSc, 
F.R.S.E.,  High  School.  1881 

Mirrlees,  James  B.,  Redlands,  Kel- 
vinside. 1869 

Mitchell,  George  A.,  67  West  Nile 
street.  1883 

430  Mitchell,  Jas.  L.,  10  Gt.  Western 

terrace.  1878 

Mitchell,  Robert,  12  Wilson  street, 

Hillhead.  1870 

•Moffatt,  Alexander,  47  Union  st.      1874 

Moir,  Charles  S.,  92  Union  street.   1884 
•Monteith,       Robert,      Greenbank, 
Dowanhill  gardens.  1885 

435  Moore,  Alexander,  C.A.,  209  West 

George  street.  1869 

Moore,  Alexander  George,  M.A., 
B.Sc,  13  Clairmont  gardens.         1886 

Morgan,  John,  Sprin^eld  house, 
Bishopbriggs.  1844 

Morrice,  Jas.  A.,  Tullymet,  Aytoun 
road,  PoUokshields.  1883 

Morrison,  James,  98  Sauchiehall 
street.  1869 
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440  Morton,  James,  M.D.,  Professor  of 
Materia    Medica    in    Anderson's 
College,    199   Bath  street,    Vice- 
President.  1868 
Mossman,  John,  6  Queen's  terrace, 

West.  1870 

Motion,  James  Russell,   38  Coch- 
rane street.  1887 
Muir,  Alex.,  65  Eglinton  street.       1883 
*Muir,  Allan,  36  George  street.  1881 
445  Muir,  James,  C.  A.,  149  West  George 

street.  1887 

Muir,  John,  6  Park  gardens.  1876 

Muir,    Thomas,     M.A.,    LL.D., 

F.R.S.E.,  Beechcroft,  Bothwell.  1874 
*Muirhead,   Andrew   Erskine,   Cart 

Forge,  Crossmyloof.  1873 

*Muirhead,  Henry,  M.D.,  LL.D., 
P.F.P.S.G.,  Bushy  Hill,  Cambus- 
lang,  Hon,  Vice-President.  1866 

450  Muirhead,  James,  loDoune  gardens, 

Kelvinside.  1887 

♦Muirhead,  Robert  P.,  M.A.,  B.Sc, 
Rochester    House,   Ealing,   Lon- 
don, W.  1879 
Munro,  Daniel,  22  Bumbank  ter.     1867 
Munsie,  Creorge,  i  St.  John's  ter., 

Hillhead.  187 1 

MuDsie,  Robert  George,  10  Berke- 
ley terrace.  West.  1883 
455  Murdoch,  Jas.  B.,  x8  Bridge  street,  1855 
Murdoch,  Robert,  10  Kingst.,  S.S.  1880 
Murdoch,     William,     20     Carlton 

place.  1879 

♦Murray,  David,  169  West  George  st.  1876 
Murray,   A.    Erskine,   Sheriff-Sub- 
stitute of  Lanarkshire,  Sundown, 
Montgomerie  drive.  1881 

460  Napier,  Alex.,  M.D.,  P.F.P.S.G., 

3  Royal  terrace,  Crossbill.  1886 

Napier,  James,   jun.,    10  Garment 
drive,  Shawlands.  1870 

♦Napier,  John,  23  Portman  square, 
London.  1846 

Neilson,    Walter    M.,   Queenshill, 

Ringford,  Kirkcudbrightshire.      1843 
Nelson,  Alex.,  80  Gordon  street.      1880 
465  Nelson,  D.  M.,  164  St.  Vincent  st.  1875 
♦Newlands,  Joseph  P.,  28  Renfield 

street.  1883 

Newman,  David,  M.D.,  CM.,  Path- 
ologist,  Royal  Lifirmary,  18  Wood- 
side  place,  W.  1877 
Nicol,  James,  City  Chambers,  1872 
Nicholson,  Alex.,  jun.,  6  Annfield 
place,  Dennistoun.                          1883 
470  Niven,  Thos.  0.,  C.E.,   131  West 

Regent  street.  1884 

Nowery,  William,  37  Derby  street.  1876 

Ogilvie,  William,  i  Doune  terrace.  1881 


Osborne,  Alex.,  5  Oakley  terrace, 

Dennistoun. 
Ontram,  D.  E.,  16  Grosvenor  ter., 

Hillhead. 

475  Park,    James,    Millburn    Chemical 
Works. 
♦Pamie,  James,  32  Lynedoch  street. 
Paterson,  John,   522    Pollokshaws 

road. 
♦Paterson^  Robert,  C.A.,  28  Renfield 
street. 
Paton,  Jas.,  F.L.S.,  Corporation  Gal- 
leries, and  Kelvingrove  Museum. 
480  Paton,  William  Grant,  43  Mulgrave 
street.  Prince's  park,  LiverpooL 
Patterson,  T.  L.,  F.C.S.,  at  John 

Walker  &  Co.'s,  Greenock. 
Pearce,  Sir  William,  Bart.,  M.P., 

10  Park  terrace. 
Petrie,  Alexander,  LA.,  iii   Bath 

street. 
Pirie,    John,    M.D.,    26    Elmbank 
crescent. 
485^Pirrie,  Robert,  9  Buckingham  ter. 
Pollock,  Arthur.  DillicMp  Works, 
Alexandria. 
•PoUock,  K,  M.B.,C.M.,  F.F.P.&  S.G 
Laurieston  house,  Pollokshields. 
Pojmter,  John  E.,  72  Great  Clyde 

street. 
Price,  Rees,  L.D.S.,  Eng.,  163  Bath 
street. 
490  Pride,    David,    M.D.,    Townhead 
House,  Neilston. 
♦Provan,  James,  40  West  Nile  st. 
Provand,  A.   D.,   M.P.,  8  Bridge 
street,  London,  S.W. 


Raalte,    Jacques  Van,    136    West 

Regent  street.  18S4 

Ramsay,    John,    of    Kildalton,    5 
Dixon  street  1856 

495  Ramsay,  Robert,  M.D.,  L.R.C.S.R, 

Lochwinnoch.  1881 

Rankine,  David,  C.E.,  75  West  NUe 

street.  1875 

Rankine,  Captain  John,  31   Airlie 

terrace,  Pollokshields.  1869 

Rattray,   Rev.  Alex.,  M.A.,  Park- 
head  parish,  4  Westercraigs,  Den- 
nistoun. 1879 
Reid,  Andrew,  20  North  Albion  st.  1875 
500  Reid,  David,  209  Sauchiehall  street,  1887 
♦Reid,  Hugh,  10  Woodside  teirace.   1880 
Reid,  James,  10  Woodside  terrace.  1870 
Reid,  J.  G.,  9  St.  Vincent  place.        1874 
Reid,    Thos.,    M.D.,    11    Klmbank 
street.  1869 
505  Reid,  William,  M.A.,  High  School  18S1 
♦Reid,  WiUiam  L.,  M.D.,  7  Royal 
crescent.  West.                              1882 
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Reith,  Rev*  George,  M.A.,  Free 
College  Ghurch,  37  Lynedoch  st.  1876 

Rennie,  John,  87  Park  road.  1886 

Renton,  James  Crawford,  M.D., 
L.R.C.P.&S.Ed.,  2  Buckingham 
terrace.  1875 

510  Richmond,   Thos.,  L.R.C.P.E.,  26 

Bnmbank  terrace.  1887 

Ritchie,  R.  Brown,  79  West  Regent 
street.  1883 

Ritchie,  Wm.,  jun.,  Waltry, 
Milton  of  Campsie.  1870 

Robertson,  Archibald,  25  Qaeen  st.  1863 

Robertson,  Archibald,  1 2  Hope  st.     1 867 
515  Robertson,      Archibald,       Ballan- 

cleroch,  Lennoxtown.  1884 

Robertson,  Rev.  James,  D.D.,  Pro- 
fessor of  Oriental  Languages  in 
the  University  of  Glasgow.  1884 

Robertson,  John,  10  Valeview  ter., 
Langside,  Librarian.  i860 

Robertson,  J.  M'Gregor,  M.A., 
M.B.,  Muirhead  Demonstrator  of 
Physiology,  University.  1881 

Robertson,  Robert,  Coplawhill,  Pol- 
lokshaws  road.  1877 

520  Robertson,  Robert  A.,  Nenthome, 

42  Aytoun  road,  Pollokshields.     1877 

Robertson,  Robert  H. ,  Clyde  Bank, 
Rntherglen.  1888 

Robertson,  William,  C.E.,  123  St. 
Vincent  street.  1869 

Robson,  Hazelton  R.,  14  Royal 
crescent.  West.  1876 

Rogers,  John  C,  163  W.  George  st.  1888 
525  Rose,  Alexander,  i8Huntlygajrdens, 

Dowanhill.  1879 

Ross,  Henry,  7  Park  quadrant.         1876 
*Ross,    John,    9   Westboume   gar- 
dens. 1885 

Rottenbuig,  Paul,  21  St.  Vincent  pi.  1872 

Rowan,  David,  22  Woodside  place.  1863 
530  Rowan,    Frederick  J.,    C.E.,    121 

West  Regent  street.  1882 

Rowan,  W.  G.,  234  West  George  st.  1881 

Rnndell,  R.  Cooper,  Underwriters' 
Room,  Royal  Exchange.  1877 

Russell,  James  B.,  B.A.,  M.D., 
LL.D.,  3  Foremount  terrace, 
Partick,  President,  1862 

Russell,  Thomas,  Cleveden,  Kelvin- 
side  gardens.  1870 

535  Salmon,   W.   Forrest,  F.R.I.B.A., 

197  St.  Vincent  street.  1870 

Schmidt,  Alfred,  492  New  City  road.  1 88 1 
Scott,    Alex.,    2   Lawrence   place, 

Dowanhill.  1 871 

Scott,  Arthur  T.,  M.A.,  6  Wilton 

crescent.  1882 

*Scott,    D.    M'Laren,     Braidfaulds 
avenue,  ToUcnNuu  1881 


540  Scott,  Robt.,  LM.,  115  Wellington 

street.  1884 

Seligmann,  Hermann  L.,  135 
Buchanan  street.  1850 

Sellars,  Jas.,  LA.,  266  St.  Vincent 
street.  1873 

Shaw,  John  M.,  14  Union  street.      1880 

Sheriff,  John,  156  St.  Vincent  st.     1876 
545  Sim,  William,  3  Royal  crescent.       1862 

Simons,  Michael,  206  Bath  street.    1880 

Simpson,  P.  A. ,  M.  A.  Cantab.,  M.D., 
Regius  Professor  of  Forensic  Medi- 
cine, Universit}',  i  Blythswood 
square.  1881 

Sinclair,  Alexander,  Ajmere  lodge, 
Langside.  1883 

Sinclair,  D.,  National  Telephone 
Co.,  Limited,  8a  Royal  Exchange 
buildings.  1883 

550  Smart,  William,  M.A.,  Nunholm, 

Dowanhill.  1886 

Smellie,    George,    I.M.,    167    St. 

Vincent  street.  1880 

*Smellie,  Thos.  D.,  209  St.  Vincent 
street.  187 1 

Smith,  D.  Johnstone,  C.A.,  149  W. 
George  street.  1888 

Smith,  Francis,  45  Gordon  street.     1875 
555  Smith,  Harry  J.,  Ph.D.,   Coltness 

Iron- works,  Newmains.  1877 

Smith,  Hugh  C,  55  Bath  street.       1861 
*Smith,  J.   Guthrie,  54  West  Nile 

street.  1875 

•Smith,    Robert    B.,    Bonnybridge, 
Stirlingshire.  1884 

Smith,  W.  R.  W.,  6  S.  Hanover  st.    1868 
560  Somerville,  David,  35  King  street, 

S.S.  1885 

Sorley,  Robert,  3  Buchanan  st.         1878 

Spens,  John  A.,  169  W.  George  st.  1879 

Spiers,  John,  43  Great  Western 
road,  Hillhead.  1885 

Stanford,    Edward    C.    C,  F.C.S., 
Glenwood,  Dalmuir,  Dumbarton- 
shire. 1864 
565*Stephen,  John,  Domira,  Partick.      1880 

Stephen,  Robt.  R.,  Adelphi  Biscuit 

Factory.  1867 

•Steven,  Hugh,  Westmount,  Mont- 
gomerie  drive.  1869 

Steven,  John,  32  Elliot  street.  1875 

Stevenson,  Allan,  42  Newmarket 
street,  Ayr.  1886 

570*Stevenson,  Jas.,  F.R.G.S.,  23  West 

Nile  street.  1870 

Stevenson,  John,  C.E.,  208  St.  Vin- 
cent street.  1885 

Stevenson,  William,  Tower  Bank, 
Lenzie.  1870 

Stevenson,  Wm.,  21  Clyde  place.     1888 

Stewart,  Andrew,  Jordanhillhouse.  1887 
575  Stewart,  David,  3  Clifton  place.       1856 
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Stowirt^  Jamcf,  41  Onvmld  ftraeL  18S7 
Stewart,  James  Beid,  30  Oswald  at  1845 
Stewart,  John,  Weatem  Saw  MiUa.  1877 
Stuart,  J.  Watson,  88  St.  Vinoent 

street  1881 

580  Stirton,  James,    M.D.,    F.L.&,   5 

Newton  terrace.  1876 

Stobo,  Thomas,   Somenet  House, 

Garelochhead.  1884 

Stoddart,  James  Edward,  60  Robert- 
son street.  1872 
Stofer,  James,  48   French  street, 

Brklgeton.  1875 

Strain,  John,  C.E.,  154  West  Greoi|;e 

street  1876 

585*Sntherland,  David,  Great  Western 

Hotel,  Oban.  1880 

'Sutherland,   John,  Great  Western 

Hotel,  Oban.  1880 

Sutherland,  J.  B.,  5  Westereraigs, 

Dennistoon.  1884 

Sutherland,  Thos.,  198  Parliament- 

tary  road.  1886 

Swanston,  John,  47  Melville  street, 

Pollokshields.  1872 

590  Tatlock,  John,  F.LC,  100  Sanchie- 

hall  street  1875 

Tatlock,  Robt  R.,  F.R.S.E., 
F.I.C.,  F.C.S.,  138  Bath  street    1868 

Tavlor,  Benjamin,  10  Derby  ores., 
KelTinside.  1872 

Teacher,  Adam,  14  St  Enoch  sq.      1S68 

Tennant,  Sir  Charles,  Bart.,  217 
West  George  street  1868 

595  Tennant,  Gavin  P.,  M.D.,  159  Bath 

street  1875 

Terrace,  David,  Dawsholm  Gas- 
works, Maryhill.  1883 

Thomson,  David,  I.A.,  F.B.LB.A., 
116  St.  Vincent  street.  1869 

Thomgon,  George  C,  F.C.8.,  39 
Kersland  terrace.  1883 

Thomson,  Gilbert,  M.A.,  0.  £., 
75  Bath  street.  1885 

600  Thomson,  Graham  Hardie,  10  Donne 

terrace.  North  Woodside.  1869 

'Thomson,  James,    F.R.I.B.A.,   88 
Bath  street  1886 

Thomson,  James,  F.G.S.,  3  Abbots- 
ford  place.  1863 

Thomson,  Jas.,  LL.D.,  F.R.S.,C.E., 
Professor  of  Ensineering  in  the 
University  of  GUsgow,  2  Floren- 
tine Gardens,  Billhead.  1874 

Thomson,  Jonathan,  136  W.  George 
street.  1869 

605  Thomson,  Sir  William,  LL.D., 
D.C.L.,  F.R.SS.,  L.  &  E.,  Pro- 
fessor of  Natural  Philosophy, 
University  of  Glasgow,  Hon,  Vice" 
Prendent.  1846 


Townsend,  Joeef^  19  Cimwfocd  at, 

Port-Dundas.  1S56 

Tnllis,  James  Utomaoo,  Anghongt, 
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Abemethy,  church  at,  probably  eighth 

centoiy,  215. 
Absenteeism   among    Welsh    landlords, 

319. 
Acquired  characters,  transmission  of,  by 

sexual  reproduction,  121. 
Adulterated  milk  and  testing  of  same, 

272. 
Agar- Agar,  345. 
Age  at  which  children  should  commence 

work,  43. 
Aggregate  sums   controlled    by    money 

market,  287. 
Airy's  system  of  phicing  magnets  in  iron 

ships,  160. 
American  currency,  Andrew  S.  M'Clel- 

land  on,  324. 
Architectural  Section,   report  of,    377; 

office-bearers  of,  378,  416. 
Architecture,  definition  of,  176. 
Argentine    and    Uruguayan    Hepublics, 

progress  of,  239. 
Argentine  imports  and  exports,  240. 
Asuncion,  capital  of  Paraguay,  234. 
Atmosphere    of    objective   or   realistic 

teaching,  175. 

Bacilli,  342. 

Bacteria,  modes  of  multiplying,  and  life- 
history  of,  343 ;  natural  habitat  of, 
346 ;  cultivation  in  air,  346 ;  cultiva- 
tion in  earth,  350;  cultivation  in 
water,  351. 

Bacteriological  examination  of  waters  of 
Loch  Long  and  Loch  Goil,  353. 

Bacteriology,  demonstration  in,  342. 

Balfour  of  Burleigh,  Lord,  on  Technical 
School  Acts,  65. 

Balfour,  the  late  F.  M.,  reference  to  his 
views  on  reproduction,  117. 

Bank  Acts  of  1844-1845,  influence  ex- 
ercised by,  284. 

Bank  of  England,  the  bankers*  bank, 
283. 

Bank  of  United  States,  324. 

Banks,  number  of,  in  United  States,  325. 

"  Battle  of  the  Styles,"  193. 

Bella  Vista  on  Parana,  233. 

Belvidere  Hospital,  description  of  dis- 
infecting establishment  at,  265. 

Bibliographic  sketch.  Professor  Fer- 
guson's, sunmiary  of  results  of,  155. 

Biological  Section,  report  of,  '379  ;  office- 
bearers of,  417. 


Bioplasm  of  Professor  Lionel  Beale,  77. 

Black  smoke,  term  how  interpreted,  301. 

Blyth,  Professor  James,  on  wind  power, 
application  of,  in  generation  and  stor- 
age of  electricity,  363. 

Botanic  and  zoological  gardens  in  Ger- 
man towns,  167. 

Bottomley,  William,  on  heeling  error  of 
compass  in  iron  ships,  160. 

Brechin,  Celtic  tower  at,  214. 

British  Association  meeting,  1887,  re- 
port of  delegate  to,  374. 

Brydall,  Robert,  on  early  sculpture  in 
Scotland,  210. 

Buenos  Ayres,  city  of,  220;  its  extent 
and  commercial  importance,  238. 

Building  construction,  works  on,  179. 

Burial  reform,  memorial  on,  to  Secretary 
for  Scotland,  410. 

Burials  Act,  resolution  to  memorialise 
Secretary  for  Scotland  regarding 
amendment  of,  407. 

Bursaries  for  pupils  of  elementary  schools, 
53. 

Cairns,  barrows,  and  otlier  similar  monu- 
ments, 210. 

Caledonia  Road  Church  designed  by 
ThomsoD,  197;  description  of,  197. 

Capitalism,  its  positive  and  negative 
work  44 

"  Captain  of  Industry,"  30. 

Carbonic  acid  and  watery  vapour  exhaled 
in  breathing,  297. 

Carlyle,  quotation  from,  18. 

Cell  division,  part  petiormed  in  it  by 
nucleus,  87 ;  direct,  87 ;  indirect,  88. 

Cell  structure  and  function,  recent  im- 
portant advances  made  in  knowledge 
of,  79. 

(Jell,  physiological  significance  of  the, 
73. 

Cells,  living,  all  hermaphrodite  beings, 
113. 

Celtic  art  succeeded  by  Norman,  215. 

Chaco,  the  great,  or  forest,  237. 

Chemical  Section,  report  of,  380;  office- 
bearers of,  416. 

Chlorine  and  bromine,  use  of,  in  disinfec- 
tion, 264 

Chlorine  used  in  bleaching,  but  an  irri- 
tant, noxious  ^,  299. 

Cholera  epidemics,  experience  of  Dr. 
Fergus  in,  246. 
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Cholerft,  discoasion  on,  in  Medico- 
Chirurgical  Society  of  Glasgow,  248. 

Christian  churches  erected  on  Pagan 
sites,  211. 

Chromatin  of  Flemminff,  80. 

Churchill,  Lord  Randolph,  on  free  educa- 
tion, 58. 

Church,  U.P.,  at  Queen's  Park,  one  of 
Thomson's  most  perfect  works,  200; 
description  of,  200. 

City  and  Guilds  of  London  Institute  and 
technical  education,  62. 

Clerk-Maxwell  on  microscopic  germs, 
123. 

Climate  of  River  Plate  region,  242 ;  cur- 
rency of,  243. 

Coal  in  relation  to  smoke — Scotch,  Wigan, 
and  Welsh,  303. 

Coleman,  J.  J.,  report  on  work  of  Tech- 
nical College,  373. 

Colville,  Dr.  James,  on  public  museums 
as  aids  to  teaching,  164. 

Conamemoration  stones,  210. 

Committees  of  Council,  415. 

Communicable  diseases  —  smallpox,  8; 
cholera,  8 ;  yellow  fever,  9 ;  plague  or 
black  death,  measles,  10 ;  scarlet  fever, 
whooping-cough,  11;  diphtheria,  12; 
relapsing  fever,  13;  typhus,  14;  enteric 
fever,  15 ;  their  property  of  lateral  ex- 
tension, 16 ;  their  habit  of  endemicity, 
16;  aggravated  by  unoleanliness,  17. 

Compass  in  iron  slups,  heeling  error  of, 
160. 

Composite  electric  balance,  Sir  William 
Thomson  on  a  new,  273. 

Compulsory  socialism  not  far  away,  44. 

Constitution  and  course  of  the  money 
market,  Charles  Galrdner  on  the,  275. 

Construction,  knowledge  of,  in  education 
of  architects,  178. 

Contagion,  different  modes  of  conveyance 
of,  258. 

Contamination  of  air  by  act  of  breathing, 
298. 

Co-operation  of  nature,  31. 

Copper  sulphate  solution  for  electrolytic 
deposition  of  copper,  how  prepared, 
293. 

County  School  Boards  proposed,  63. 

Crawford,  W.  C,  report  on  conference 
of  British  Association  delegates,  374. 

Crocodiles  in  the  Paraguay,  234. 

Crosses  in  lona,  212. 

Crosses  on  the  Isle  of  Man,  211. 

Cultivating  materials  for  bacteria,  345. 

Cultivation  of  micro-orflninisms,  sterilising 
materials  and  utensQs,  for  cultivation 
of  bacteria,  344. 

Dairies  and  milk  shops,  inspection  of,  259. 
Dalmeny,  twelfth^century  church  of,  214. 


Darwin,  quotation  from,  18. 
Darwin's  doctrine  of  pangenesis,  114. 
Delta  of  the  Parana,  its  smaUness,  229. 
**  Demand  notes  "  in  United  States,  325. 
Demonstration  in   bacteriology,    by  A. 

Ernest  Maylard,  342. 
Diphtheria,  12. 
Disinfecting  establishment  at  Belvidere 

Hospital  described,  265. 
Disinfection,  remarks  on  science  of,  by 

Peter  Fyf e,  264, 
Disposal  of  the  dead,  remit  on,  to  Council 

of     Sanitary    and     Social    Economy 

Section,  407. 
Dulcitone,  Thomas  Machell  on  the,  360 ; 

described,  forks  of  steel  as  its  sound 

producers,  361. 
Duncan,  Dr.  Eben.,  on  life  of  late  Dr. 

Andrew  Fergus,  245, 
Dyer,    Henry,    memoir  of    Mr.    David 

Sandeman,    383;    on   the    Technical 

Schools  (Scotland)  Act,  1887,  46. 

Earthquakes,  determining  direction  of, 

338;  waves  of  motion,  two  sets  of,  338. 
Earth  tremors,  374. 
Economic  Science  Section,  report  of,  381 ; 

office-bearers  of,  418. 
Educational  and  recreative  value  of  city 

parks  and  gardens,  170. 
Educational  progress  in  America,  60. 
Educational    system   of   the    Argentine 

Republic,  241. 
Education  Bill,  Welsh  intermediate,  313. 
Education  usually  given  to  architectural 

students,  177. 
Effects  of  factory  industry  on  women,  41. 
Electric  balance  used  for  measurement  of 

potentials,  274;  used  as  a  Watt-meter, 

274. 
Electric     balances,    standardising,     by 

electrolysis  of  copper  sulphate,  291. 
Electric  currents,   measurement  of,   by 

electrolytic     deposition     of     copper, 

Andrew  W.  Meikle  on,  291. 
Electrical  resistance  of  slate  and  m&rble, 

and  other  materials,  with  reference  to 

their    use    in    electric  -  light   fittings, 

Thomas  Shields  on,  365 ;  tables  of,  369, 

370;  comparison  of,  371. 
Electricity,  generation  of,  and  storage  by 

wind  power,  363. 
Electricity  used  to  drive  a  turning  lathe^ 

364. 
Electrolytic  deposition  of  copper,  descrip- 
tion of  apparatus  used  in,  291. 
Elgin,   Lord,   on  the    position  of   local 

educational  authorities,  69. 
Endemicity  of   communicable  diseases, 

how  fostered,  17. 
Endoplast  and  periplast,  77. 
Enteric  fever,  16. 
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Enteric  fever  and  diphthem,  prevalence 
of,  in  rural  districts,  250. 

Enteric  fever,  spread  of,  and  possibly 
diphtheria  in  rural  districts  by  the 
use  of  city  manures  for  agricultural 
purposes,  Dr.  David  Pryde  on,  254. 

Enteric  germs  constantly  circulating 
between  city  and  rural  districts  sur- 
rounding it,  255. 

England  the  creditor  of  most  other, 
nations,  282. 

Epidemic  diseases,  other  forms  of,  studied 
by  Dr.  Fergus,  248. 

Erratic  blocks,  375. 

Examination,  a  leaving,  for  secondary 
schools.  Professor  Ghrystal  on,  54. 

Experiments  by  Thomas  Gray  on 
reliableness  of  copper  electrolysis  as 
compared  with  silver,  291. 

Exploiting  labour,  24. 

Factory  Act  of  1850,  35. 

Factory   industry  and    socialism,   Wm. 

Smart  on,  22. 
Factory  industry,  arraignment  of,  40. 
Factory  inspectors'  reports,  reference  to, 

by  Marx,  34. 
Farms  supplying  milk  to  Glasgow,  plans 

of  two  described,  260-261. 
Farr,  Dr.,  on  infectious  diseases,  7. 
Fecimdation,  process  of,  and  changes  in 

it,   89;    consists  in  blending   of   two 

nuclei,  89. 
Fergus,  the  late  Dr.  Andrew,  biographical 

notice  of,  245 ;  birth  and  parenti^e  of, 

245;   professional   education  of,   246; 

parochial  surgeon  in  Anderston,  246; 

his  experience  in  cholera  epidemics  of 

1848  and  1854,  246;  a  town  councillor 

and  President  of  Faculty  of  Physicians 

and  Surgeons,  252 ;  fatal  illness  of,  253 ; 

minute  of  Society  regarding  services  of, 

396;  vote  of  sympathy  with  widow  and 

family  of,  397;  reply  of  Mrs.  Fergus  to 

vote  of  sympathy,  399. 
Ferguson,  Professor  John,  on  some  early 

treatises    on  technological  chemistry, 

126;    reference     to     former     papers, 

126. 
Figure  drawing  from  the    antique  and 

Bfe,  185. 
Figure  sculpture  in  Bute  and  Argyle,  219. 
Financial  statement  of  Treasurer,  392. 
Fleming's  new  cell  nomenclature,  80. 
Fletcher,  Alfred  E.,  on  noxious  vapours 

and  town  smoke,  297. 
Free  education,  55. 
Freeholders  in  England,  34. 
Free  labourer,  historical  origin  of,  34. 
Funds  held  by  bankers,  281. 
Fyfe,  Peter,  on  sanitary  work  of  a  great 

city,  267. 


Gairdner,  Charles,  on  the  constitution 
and  course  of  the  money  market,  275. 

Galloway,  John,  on  the  Plate  River 
system,  226. 

General  Medical  Ck)uncil,  Dr.  Fergus 
member  of,  253. 

Genius  of  "  Greek  Thomson,"  193. 

Geographical  and  Ethnological  Section, 
report  of,  378;  office-bearers  of,  379 
and  417. 

Germ  plasma,  theory  of  its  continuity,  119. 

Giffen  s  essays,  criticism  of,  by  Wm. 
Smart,  33. 

Gildard,  Thomas,  on  *' Greek  Thomson," 
191. 

Glasgow  Exhibition,  desirability  of  test- 
log  steam  furnace  appliances  at,  302. 

Glasgow,  its  unique  position  as  a  com- 
mercial and  manufacturing  centre,  173. 

Glasgow  Sewage  Association,  250. 

Gold  certificates,  United  States,  328. 

Gold,  hypothesis  of  increasing  abund- 
ance of,  277;  discoveries  of,  1848  and 
1851,  278;  years  of  abundance  of,  279; 
years  of  relative  scarcity  of,  279. 

Graafian  vesicles,  94;  germinal  vesicle, 
94;  germinal  spot,  94. 

Graham  Medal  and  Lecture  Fund,  Trea- 
surer's statement  of,  394. 

Gray,  Thomas,  on  improved  form  of  seis- 
mograph, 330. 

Great  Western  Terrace,  one  of  Thomson's 
works,  203;  description  of,  203. 

Greek  art,  the  most  perfect  and  the  most 
difficult,  196. 

Greek  skill  and  genius,  monuments  of, 
183. 

*' Greek  Thomson,"  Thomas  Gildard  on, 
191. 

Hseckel's  views  on  heredity,  114. 
"Hard"  and  "soft"  iron  in  relation  to 

mimetic  force,  161. 
HeeliDC  error  of  compass  in  iron  ships, 

W.  Bottomley  on,  160;  how  corrected, 

162. 
Heeling  of  ships,  general  effect  of,  160; 

disturbance  due  to  two  causes,  160. 
Herbert  Spencer's  opinions  criticised  in 

Presidential  Address,  2. 
Hereditary  transmission,  114. 
Heredity,  a  problem  still  mysterious,  125. 
Holmwood  villa,  designed  by  Thomson, 

202;  description  of,  202. 
House-warming,  A.  £.  Fletcher  on,  304. 
Huxley,  Professor,  on  technical  education, 

62. 
Hyaloplasm  of  Strasburger,  nutritive  and 

formative,  116. 

Idioplasm,  somatic  and  germinal,  115; 
maternal  and  paternal,  118. 
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Importance  and  complexity  of  the  money 

market,  275. 
Improved  form  of  seismograph,  Thomas 

Gray  on,  330. 
Industrial  reserve,  38. 
Infectioos  diseases  and  milk  supply,  258. 
Insanitary  property  in  Glasgow,  271* 
Insulation,  electrical,  365. 
Interest  and  profit,  25. 
Interest   on  capital,  a  fair  and   useful 

thing,  28. 
Interest,  rationale  of,  26. 
Interlaced  work  on  stone   crosses  and 

sepulchral  slabs,  214. 
Introduction  of  machinery  in  factories, 

37. 
Irish  art  prior  to  the  eleventh  century, 

211. 
Iron  ships  partially  magnetised  in  build- 
ing, 161. 
Iron  used  in  shipbuilding,  161. 
Irregularity  of  employment,  38. 
Irritability  and    contractility  of    living 

matter,  76. 

Jenkin,  Professor  Fleeming,  on  technical 
education,  62. 

Jones,  Professor  Henry,  on  social  and 
economical  aspects  of  the  land  ques- 
tion in  Wales,  310. 

Karl    Marx's  capitalist,  24;    theory  of 

value,  22. 
Kertzenmacher,  Petrus,  an  early  chemical 

author,  137,  141,  143. 
Kilmartin  churchyard,  fragment  of  early 

sculpture  in,  2lS. 
King's    College,    Aberdeen,     rich    oak 

carvings  in,  224. 
Koch's  beef  peptone  jelly,  345. 

Land  question  in  Wales,  310. 

Landed  and  capitalist  classes,  opposition 
of  interests  between,  35. 

Lassalle's  *'  iron  law  "  of  wages,  32. 

Learning  how  to  draw,  180. 

Library,  additions  to,  419;  books  bought, 
421 ;  exchanges  with  other  societies, 
&c.,  list  of,  423 ;  periodicals,  Ust  of, 
426. 

Library  Committee,  report  by,  395. 

Life-histories  of  plants,  375. 

Line,  proportion,  and  mass — heads  of 
architects'  education,  178. 

Linlithgow  Palace,  its  sculptured  re- 
mains, 222. 

Living  matter,  views  of  naturalists 
regarding,  75. 

Living  protoplasm  cannot  be  analysed, 
78. 

Loch  Katrine  water,  bacteria  in,  352. 

Locust  plague  in  America,  20. 


Lopez,  Preddenty  of  Paraguay,  sketch 
of  his  career,  235. 

Lord  Randolph  Churchill  on  free  educa- 
tion, 58. 

Lord  Shaftesbury  on  Ten-Hours  BiU,  42. 

Machell,  Thomas,  on  the  dulcitone,  a 
new  and  portable  musical  instrument, 
360. 

Magnet,  susi>ended,  its  north-seeking  and 
south-seeking  ends,  161. 

Mann,  John,  re-election  as  Treasurer, 
396. 

Marx  not  a  demagogue,  but  a  quiet- 
loving  scholar^  43. 

Marx's  **  free  labourer,"  33. 

Maternal  peculiarities,  transmission  of, 
to  offspring,  118. 

Mathematiciu  and  Phy^cal  Section,  re- 
port of,  379;  ofSce-bearer8of,379, 418. 

Max  Schultze  on  identity  of  sarcode  or 
protopbsm  in  lower  and  higher  organ- 
isms, 76. 

Mayer,  John,  re-election  as  Secretary, 
396. 

Maylard,  A.  Ernest,  a  demonstration  in 
bacteriology,  342. 

Measles,  10. 

Measurement  of  electric  insulation, 
methods  of,  366. 

Medieval  art,  interest  aroused  in,  by 
Sir  Walter  Scott,  191. 

Meikle,  Andrew  W.,  on  the  measurement 
of  electric  currents  by  the  electrolytic 
deposition  of  copper,  291. 

Melrae,  sculptures  at,  215. 

Members  of  Society,  list  of,  428. 

Memoir  of  Mr.  David  Sandeman  by 
Henry  Dyer,  383. 

Mercury,  bi-chloride  of,  in  disinfection, 
266. 

Message  of  American  President  in  1815, 
reference  to  uniform  national  currency, 
324. 

Microbes,  number  of^  in  Clyde  water,  353. 

Micrococci,  342. 

Micrococcus  prodigiosus,  349. 

Micro-organisms,  342. 

Microscope,  the  simple,  early  observers 
with,  73. 

Miescher  on  chemical  nature  of  nuclear 
matter,  85. 

Milk  supply  to  Glasgow,  extent  of,  260. 

Mill  on  mechanical  inventions  lightening 
human  toil,  40. 

Mill's  *'  wages  of  superintendence,"  29. 

Minutes  of  Session,  387. 

*'  Modem  Athens  "  and  its  classic  archi- 
tecture, 192. 

Modern  cell  theory.  Dr.  J.  G.  M*Kend- 
rick  on,  71. 

Money  market,  conditions  of,  280.    * 
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Monoliths,  early  rude,  211. 

Monumental  sculpture  of  Scotland, 
fifteenth  century,  220. 

Mossman's  studio,  one  of  Thomson's 
first  works,  197. 

Museum  collections,  borrowing  objects 
from,  165. 

Museum  of  pedagoffy  suggested,  169. 

"My  dirty  neighbour *— what  am  I  to 
do  with  him  ?  19. 

McClelland,  Andrew  S.,  on  American 
currency,  324. 

M*Kendrick,  Professor  J.  6.,  on  the 
modern  cell  theory  and  the  pheno- 
mena of  fecundation,  71;  election  as 
Vice-President  of  Society,  396. 

National  Board  of  Health  in  America,  21. 
Necessity  for  improved  technical   edu- 
cation, 46. 
Nematoblasts,  91. 
Newbattle  Abbey^  tomb  at,  217. 
Newberry,  F.    H.,  on  the    training  of 

architectural  students,  176. 
New  Ordinary  Members — 

Ackroyd,  J.  E.,  387. 

Alexander,  D.  M.,  388. 

Alston,  J.  Carfrae,  397. 

Anderson,  Robert,  jun.,  388. 

Bathgate,  William,  399. 

Blair,  Matthew,  397. 

Brown,  William,  401. 

Coulson,  Arthur,  404. . 

Cowan,  David,  402. 

Cumming,  Thomas,  400. 

Duncan,  Robert,  387. 

Edwards,  Matthew,  397. 

Ellis,  Thomas  L.,  408. 

Fergus,  Dr.  Freeland,  398. 

Femau,  Paul,  398. 

Finlay,  H.  G.,  403. 

Fraser,  Matthew  P.,  398. 

Gait,  Alexander,  398. 

Graham,  Alexander  M.,  387. 

Graham,  Robert,  400. 

Gray,  Thomas,  397. 

Harvie,  William,  401. 

Jackson,  William  V.,  401. 

Kay,  WilUam  E.,  387. 

Kean,  James,  404. 

M'Ani,  Alexander,  402. 

M'Callum,  James  Thyne,  397. 

Macfarlane,  William,  400. 

Maclntyre,  William,  402. 

MackiiJay,  William,  387. 

McLennan,  James,  400. 

Mavor,  Henry  A.,  399. 

Menzies,  Thomas  J.,  397. 

Miller,  Davids.,  397. 

MiUer,  G.  J.,  403. 

Paterson,  John,  402. 

Pryde,  Dr.  David,  387. 


Provand,  A.  D.,  403. 

Reid,  David,  397. 

Richmond,  Thomas,  398. 

Robertson,  Robert  H.,  402. 

Rogers,  John  C,  402. 

Smith,  D.  Johnstone,  401. 

Stevenson,  William,  400. 

Wallace,  Dr.  WiUiam,  404. 

Warren,  John  A.,  398. 

Wilson,  Richard  J..  388. 

Yeaman,  Charles  H.,  397. 

Young,  John,  jun.,  398. 
Normal  pa^  of  labour,  35. 
North-seeking  and  south-seeking  ends  of 

suspended  magnet,  161. 
Noxious  Vapours  Act,  principle  admitted 

in,  299. 
Noxious  vapours  and  town  smoke,  Alfred 

E.  Fletcher  on,  297. 
Noxious  vapours,  what  are  they?  298; 

caimot  wholly  be  prevented,  298. 
Nuclein    or    chromatin,    conclusions    of 

Camoy  regarding,  84. 
Nucleolus,  cUiscovery  of,  by  Valentine,  73. 
Nucleoplasm  of  E.  van  Beueden,  82. 
Nucleus,  homogeneous,  of  Arnold  Brsu», 

83. 
Nucleus,  M'Kendrick's  conception  of,  86. 

Observers  with  the  simple  microscope, 

early,  73. 
Ofiice-bearers  for  Session  1887-88,  414; 

of  Sections,  list  of,  416. 
Offices,  other,  held  by  Dr.  Fergus,  253. 
Operations  of  micro-chemistry,  72. 
Orders  of  architecture,  study  of,  182. 
Ovaries  and  their  structure,  95. 
Overcrowding,  271. 
Ovum  at  maturity,  98. 
Ovum,  nature  of,  93. 
Oxygen  of  the  air  absorbed  into  the  blood 

while  breathing,  297. 

Pampas,  their  cattle,  sheep,  and  grain 

crops,  239. 
Pangenesis,  Darwin's  doctrine  of,  114. 
Paper  money  in  circulation  in  United 

States,  329. 
Paraguay,  scenery  at  entrance  of,  234. 
Paranaand  Uruguay  Rivers,  extent  of,  229. 
Parana,  description  of,  231;  amount  of 

traffic  on,  231 ;  towns  on,  231. 
Parthenogenesis,  Weismann's  views  on, 

120. 
Pathogenic  organisms,  355. 
Payinent  by  results  in  education,  47. 
Perigenesis,  Haeckel's  doctrine  of,  115. 
Persons   injured  by  communicable  dis- 
eases, 18. 
Philological  Section,  resolution  to  form, 

403;  constitution  of,  405 ;  office-bearers 

of,  406. 
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Philosophical  Society  of  Olaagow, 


Philosophical  Society,  election  of  Dr. 
Fergus  as  member  of,  250;  election 
of  Dr.  Fergus  as  Vice-President  and 
President  of,  251. 

Physiological  significance  of  the  cell,  73. 

Piece-work,  36. 

Plague  or  black  death,  10. 

Plate  River  System,  John  Galloway  on, 
226. 

Polar  bodies  in  ova,  102. 

Political  life  in  Wales,  313. 

Polychromatic  decoration  of  Thomson, 
205. 

Prehistoric  remains,  375. 

President's  address  on  some  sociological 
aspects  of  sanitation,  1. 

Priests,  figures  of,  on  sculptured  stones, 
213. 

Primordial  ova,  96. 

Primordial  utricle,  77. 

Principle  of  achromatism,  discovery  of, 
by  Fraunhofer,  and  application  by 
Lister  and  others,  72. 

Problem  of  better  apportioning  work  to 
capacity,  and  wages  to  work,  two  ways 
of  solving  it,  45. 

Professional  estimates  of  "  Greek  Thom- 
son," 208. 

Professors  Fleeming  Jenkin  and  Huxley 
on  technical  education,  62. 

Profit,  the  "exploitation"  of  the  workers, 
26 ;  justification  of,  29. 

Progress  in  microscopic  investigation,  71. 

Pronucleus,  male  and  female,  in  fecun- 
dation, 108. 

Protoplasm,  definition  of,  by  Hugo  von 
Mohl,  76. 

Protoplasm,  living,  cannot  be  analysed, 
78;  a  chemical  substance,  having  an 
extremely  complex  and  unstable  mole- 
cule, 79. 

Province  of  the  State  in  national  edu- 
cation, 49, 

Provincial  museums,  375. 

Pryde,  Dr.  David,  on  spread  of  enteric 
fever,  and  possibly  diphtheria  in  rural 
districts  by  the  use  of  city  manure  for 
agricultural  purposes,  254. 

Public  collections  useful  for  teaching  the 
young,  suggestions  as  to  making,  174. 

Public  museums  as  aids  in  teaching,  Dr. 
James  Colville  on,  164. 

'*  Purging  the  kirk  "  of  images,  222. 

Quadrantal  error  in  ships,  how  corrected, 

162. 
Quotation  from  Times^  leading  article  on 

technical  education,  46. 

Railways  of  the  Argentine  Republic,  239. 
Rapid  modification  of  cell  theory,  74. 
Bate  of  discount,  275. 


Re-creation  of  a  style  by  Alexander 
Thomson,  195. 

Relapsing  fever,  13. 

Remuneration  of  capital,  26. 

Report  of  Coimcil  for  Session  1886-87, 
388. 

Report  of  Library  Committee,  395. 

Reports  of  Sections,  377. 

Religious  difficulty  in  education,  the,  57. 

Reproductive  cells  in  plants,  101. 

Revelations  in  report  of  Children's  Em- 
ployment Commission,  42. 

Ricardo's  theory  of  minimum  wages,  39. 

Ring  of  Broidgar  in  Stennis,  210. 

Ring-ofi*  instruments  for  telephone  ex- 
changes,  D.  Sinclair  on,  308. 

River  Plate  an  arm  of  the  sea,  228 ;  de- 
scription of,  228;  town  houses  of,  232. 

River  Plate  region,  the  future  hcxne  of 
a  mighty  nation,  226;  discovery  of, 
227 ;  Spaniards'  firm  footing  in,  227. 

Robertson,  John,  re-election  as  Librarian, 
396. 

Rosas,  faU  of,  22& 

Roscoe,  Sir  Henry,  on  connection  between 
industrial  and  commercial  supremacy 
and  the  education  of  the  people,  69. 

Ruskin's  definition  of  architecture,  177 ; 
'*  Lampof  Power,"quotationsfrom,  186 ; 
sentiments  on  mass,  187. 

Russell,  Dr.  J.  6.,  election  of ,  into  the 
Society,  1. 


Saint  Kentigem,  erection  of  crosses  by, 
212. 

Saint  Michael's  Church,  Linlithgow, 
sculpture  in,  221. 

Saint  Thomas  k  Becket,  imported  image 
of,  218. 

Saint  Vincent  Street  Church,  description 
of,  198. 

Sandeman,  the  late  Mr.  David,  383; 
birthplace,  383;  interest  in  technical 
education,  383;  promoter  of  scheme 
for  technical  college,  383;  chief  origi- 
nator of  Glasgow  Weaving  School,  384 ; 
director  of  Anderson's  College,  384; 
president  of  Glasgow  Mechanics'  Listi- 
tution,  384;  member  and  director  of 
Chamber  of  Commerce,  385;  connec- 
tion with  other  institutions,  385;  active 
member  of  Philosophical  Society,  385. 

Sanitarian's  first  dutv,  257. 

Sanitary  and  Social  Economy  Section, 
institution  of,  250;  report  of,  380; 
ofiice-bearers  of,  380,  417. 

Sanitary  solution  of  the  sewage  question, 
address  on,  by  Dr.  Fergus,  250. 

Sanitary    work    of    a   great  city,  some 
I       important  points  in  the,    Peter  Fyfe 

on,  257. 
I   Sanitary  work,  three  main  paths  of,  262. 
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Saxon    Boulptare,   remains   of,    rare  in 

Scotland,  214. 
Scarcity  of  gold,  275. 
Scarlet  fever,  11. 
Scott,  Sir  Walter,  his  influence  in  aronsing 

interest  in  medieval  art,  191. 
Sculptors  and  sculpture,  importations  of, 

into  Scotland,  218. 
Sculptors,  early  Scottish,  217. 
Sculpture   in    Scotland,    early,    Robert 

Brydall  on,  210. 
Sea  coasts  erosion,  375. 
Secretary   for    ScoUand    on    Technical 

Schools  Bill,  61. 
Sections,  reports  of,  377. 
Seismograph,    improved    form    of,    de- 
scribed, 330. 
Seismograph  records,  interpretation  and 

use  of,  337. 
Sense  of  beauty  in  line,  how  to  cultivate 

it,  179. 
Sepulchral  figures  of  twelfth  century,  216. 
Shaftesbury,  Xord,  on  Ten  Hours  Bill,  42. 
Shields,  Thomas,  on  electrical  resistance 

of  slate,  marble,  &c.,  used  for  electric- 
light  fittings,  365. 
Silver  certificate  in  United  States,  327. 
Sinclair,  D.,  on  ring-off  instruments  for 

telephone  exchanses,  308. 
Slate  and  porcelain  for  electric  insulation, 

365. 
Smart,  Wm.,   on  factory  industry  and 

socialism,  22, 
Smoke  Abatement  Acts,  300. 
Smoke-preventing  appliances,  efficiency 

of,  301. 
Smoke-testing  apparatus,  exhibition  of  a 

new,  268. 
Social  and    economical   aspects   of   the 

land   question    in    Wales,    Professor 

Henry  Jones  on,  310. 
Social  ^ience  Congress  and  Dr.  Fergus, 

249  and  253. 
Soil  pipes,  decayed,  249. 
Soutn   America,    youngest   member    of 

family  of  continents,  229. 
Spanish  yoke  thrown  oflf  by  colonists  of 

River  Plate,  227. 
Specie  reserves,  causes  of  variations  in, 

282. 
"Spectacle"    ornament   on    early  rude 

pillars,  212. 
Spermatoblasts,  91. 
Spermatogenesis,  91. 
Spermatozoid,  discovered  by  Louis  Ham, 

90. 
Spermatozoid,  its  influence  on  the  ovum, 

98. 
Standardising  arrangements  for  electric 

balances,  &G. 
Stove    for    house-warming    (Fletcher's) 

described,  306. 


Strasburger's  researches  on  reproduction 
in  plants,  101. 

Studio,  Mossman's,  described,  197. 

Suggestions  as  to  making  public  collec- 
tions useful  for  teachrng  the  young, 
174. 

Sulphurous  acid  as  a  disinfectant,  264. 

Surplus  yield  from  the  soil,  division 
of,  31. 

Sweating  system,  36. 

Symbolic  markings,  early,  210. 

Tamaway,  Randolph  Murray's  castle  of, 
its  carvings  and  decorations,  216. 

Technical  College,  report  of  society's 
representative  at,  373. 

Technical  education,  what  classes  of 
students  should  receive  it?    60. 

Technical  Schools  Act,  a  specimen  of 
patchwork  legislation,  51. 

Technical  Schools  Act  to  be  administered 
by  School  Boards,  63. 

Technical  Schools  (Scotland)  Act,  1887, 
Henry  Dyer  on,  46. 

Technological  chemistry,  early  treatises 
on,  by  Professor  Ferguson,  126. 

Telephone  exchanges,  ring-off  instru- 
ments for,  D.  Sinclair  on,  308. 

Temperature  variation  in  lakes,  rivers, 
and  estuaries,  374. 

Thomson  as  art  critic  and  lecturer,  208. 

Thomson's  last  work,  a  design  for  a  town 
hall,  202. 

Thomson's  other  buildings,  some  of,  203. 

Thomson,  Sir  Wm.  on  a  new  composite 
electric  balance,  273. 

Thomson,  the  late  Dr.  Allen,  as  an 
embryologist,  99. 

Ticketed  houses  in  connection  with  sani- 
tary work,  270. 

Tithe  disturbances  in  Wales,  322. 

Tomb  of  Robert  the  Second  at  Scone,  218. 

Trade  dollar,  American,  327. 

Trades  unions,  39. 

Training  of  architectural  students,  F.  H. 
Newberry  on,  176. 

Treasurer's  financial  statement  for  Session 
188687,  392. 

Treasury  notes  in  United  States,  325. 

Typhus,  14. 

Typical  capitalist  of  Socialism,  25. 

Underground  water,  375. 

UnheaTthv  water-closets  in  relation  to 
typhoid  and  other  diseases,  248. 

Union  Street  warehouse  described,  200. 

United  States  law  as  to  coining  money, 
324. 

University  of  Glasgow,  entrance  exami- 
nation for  students  of,  54. 

Unwholesomeness  of  soil  sustaining  com- 
municable disease,  17. 
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Philosophical  Society  of  Glasgow, 


Urugaay,  reign  of  terror  in,  228. 

Vacant  holdings  in  Wales,  competition 

for,  316. 
Voltmeter,   Ampere-meter,   Watt-meter, 

combination  of,  273. 

Waees,  standard  of,  26. 
Wales,  land  question  in,  310. 
Wall-head  of  Union  Street  warehouse  the 

noblest  in  Europe,  201. 
Welsh  farmers  deeply  in  debt,  318. 
Welsh  Land  Act,  demand  for,  317. 
Welsh  nation,  difficulty  of  enforcing  its 

wants  constitutionally,  312. 


Welsh  people,  a  distinct  nation,  311. 
Welsh  upper  classes,  narrowness  of,  320. 
West-end  refined  life  and  east-endslavery, 

41. 
Whooping-cough,  11. 
Windmill,  Professor  Blyth's,  described, 

363. 
Wind  power,  application  of,  in  generation 

and  storage  of  electricity.  Prof.  Jas. 

Blvth  on,  363. 
Works  of  great  Italian  artists,  references 

to,  189. 

Yellow  fever,  9. 


